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Model Index 


ADC71 2.3 

ADC76 2.7 

ADC80AG 2.11 

ADC80MAH 2.15 

ADC84 2.19 

ADC85 2.19 

ADC87H 2.19 

ADC574A 2.23 

ADC601 2.33 

ADC603 2.37 

ADC614 2.55 

ADC674A 2.70 

ADC700 2.76 

ADC701 2.88 

ADC774 2.103 

ADC803 2.110 

ADC7802 2.113 

ADS574 2.126 

ADS602 2.139 

ADS605 2.147 

ADS610 2.162 

ADS703 2.166 

ADS704 2.170 

ADS774 2.174 

ADS7800 2.188 

ADS7803 2.199 

ADS7804 2.212 

ADS7805 2.222 

ADS7806 2.232 

ADS7807 2.250 

ADS7808 2.269 

ADS7809 2.279 

ADS7810 2.289 

ADS7819 2.298 

ADS7833 2.307 

DAC56 3.3 

DAC80 3.8 

DAC600 3.17 

DAC601 3.29 

DAC602 3.32 

DAC650 3.35 

DAC667 3.46 

DAC700 3.55 

DAC701 3.55 

DAC702 3.55 


DAC703 3.55 

DAC707 3.65 

DAC708 3.65 

DAC709 3.65 

DAC712 3.77 

DAC713 3.88 

DAC714 3.92 

DAC725 3.96 

DAC729 3.103 

DAC811 3.114 

DAC813 3.123 

DAC1204 ..........3.134 

DAC2813 3.141 

DAC2814 3.150 

DAC2815 3.161 

DAC4813 3.172 

DAC4814 3.180 

DAC4815 3.192 

DAC7528 3.202 

DAC7541 3.210 

DAC7545 3.218 

DAC7800 3.225 

DAC7801 3.225 

DAC7802 3.225 

DAC8043 3.238 

DDC101 2.318 

DEM-ADS605 A.4 

DEM-ADS7804/05 A.9 

DEM-ADS7806/07 A.20 

DEM-ADS7808/09 A.32 

DEM-ADS781 0/19 A.45 

DEM-DAC600 A.56 

DEM-DAI1710 A. 64 

DEM-OPA64X A.68* 

DEM-PCM1702 A.76 

DEM-PCM1710 A. 82 

DEM-PCM1760 A.86 

DF1700 8.3.148 

DF1750 8.3.158 

DF1760 8.1.37 

DSP101 2.345 

DSP102 ...2.345 

DSP201 3.245 

DSP202 3.245 

ISO150 4.1 


MPC100 

5.2 

MPC102 

5.18 

MPC104 

5.33 

MPC506 

5.48 

MPC507 

5.48 

MPC508 

5.59 

MPC509 

.......5.59 

MPC800 

5.69 

MPC801 

5.77 

PCM54 

8.2.52 

PCM55 

8.2.52 

PCM56P 

8.2.55 

PCM58 

8.2.64 

PCM61 

8.2.70 

PCM63 

8.2.74 

PCM66 

8.2.84 

PCM67/69 

8.2.91 

PCM78 

8.1.3 

PCM 1700 

8.2.103 

PCM 1702 

8.2.108 

PCM1710 

8.2.116 

PCM1712 

8.2.125 

PCM1714 

8.2.135 

PCM1715 

8.2.139 

PCM1750 

.............8.1.19 

PCM1760 

8.1.37 

SDM862 

2.367 

SDM863 

2.367 

SDM872 

2.367 

SDM873 

2.367 

SHC76 

6.2 

SHC298 

6.7 

SHC605 

6.15 

SHC615 

6.30 

SHC702 

2.88 

SHC803 

6.49 

SHC804 

6.49 

SHC5320 

6.53 

VFC32 

7.2 

VFC100 

7.9 

VFC101 

7.24 

VFC110 

7.34 

VFC121 

7.42 

VFC320 

7.50 


NOTE: (*) This product can be found in the 1995 
Burr-Brown 1C Data Book — Linear Products. 



Model Index 


ACF2101 7.3 

BUF600 3.1.3 

BUF601 3.1.3 

BUF634 3.1.18 

DIV100 7.17 

INA101 4.4 

INA102 4.10 

INA103 4.22 

INA105 4.34 

INA106 4.46 

INA110 4.52 

INA1 1 1 4.63 

INA114 4.74 

INA115 ...4.87 

INA116 4.98 

INA117 4.100 

INA118 4.114 

INA120 4.125 

INA131 4.135 

INA2128 4.145 

INA2141 4.147 

ISC300 5.4 

ISOIOO 5.15 

ISO102 5.30 

ISO103 5.45 

ISO106 5.30 

ISO107 5.54 

IS0113 5.62 

ISO120 5.70 

IS0121 5.70 

IS0122 5.84 

ISO130 5.97 

ISO150 5.108 

IS0212 5.117 

IXR100 5.128 

LOG 100 7.28 

MPY100 7.37 

MPY534 7.49 

MPY600 7.57 

MPY634 7.69 

OPA27 2.6 

OPA37 2.6 

OPA77 2.19 

OPA1 11 2.27 

OPA121 2.39 

OPA124 2.45 

OPA128 2.53 

OPA129 2.62 

OPA131/2131/4131 2.69 


OPA177 2.19 

OPA404 2.71 

OPA445 3.2.27 

OPA501 3.2.33 

OPA502 3.2.39 

OPA512; 3.2.49 

OPA541 3.2.55 

OPA544 3.2.63 

OPA600 2.82 

OPA602 2.85 

OPA603 2.94 

OPA604 2.106 

OPA606 2.118 

OPA620 2.127 

OPA621 2.143 

OPA622 2.159 

OPA623 2.177 

OPA627 2.193 

OPA628 2.206 

OPA633 3.2.70 

OPA637 2.193 

OPA640 2.21 

OPA641 2.234 

OPA642 2.247 

OPA643 2.262 

OPA644 2.275 

OPA646 2.288 

OPA648 2.301 

OPA650 2.312 

OPA651 2.314 

OPA654 2.316 

OPA655 2.324 

OPA658 2.326 

OPA660 2.328 

OPA671 2.346 

OPA675 2.353 

OPA676 2.353 

OPA678 2.366 

OPA1013 2.381 

OPA2107 2.390 

OPA2111 2.397 

OPA2541 3.2.78 

OPA2544 3.2.86 

OPA2604 2.410 

OPA2650 2.422 

OPA2658 2.424 

OPA2662 2.426 

OPA4650 2.445 

OPA4658 2.447 


OPT101 

6.2 

OPT202 

6.4 

OPT209 

6.13 

OPT301 

6.24 

PGA102 

4.149 

PGA103 

4.157 

PGA202 

4.164 

PGA203 

4.164 

PGA204 

4.174 

PGA205 

4.174 

PGA206 

4.188 

PGA207 

.....4.188 

PWS725 

5.142 

PWS726 

5.142 

PWS740 

5.148 

PWS745 

5.156 

PWS750 

5.166 

RCV420 

4.190 

REF01 

8.3 

REF02 

8.11 

REF05 

8.19 

REF10 

8.25 

REF101 

8.32 

REF102 

8.41 

REF200 

8.50 

REF1004 

8.65 

REG1117 

8.72 

REG5601 

8.79 

SHC615. 

7.77 

UAF42 

7.96 

VCA610 

2.449 

XTR101 

4.200 

XTR103 

4.215 

XTR104 

4.225 

XTR110 

4.236 

XTR501 

4.245 

0804MC..... 

3.2.94 

100MS 

5.177 

722 

5.179 

724 

5.184 

3554 

2.461 

3583 

3.2.95 

3584 

3.2.100 

3650 

5.189 

3652 

5.189 

3656 

5.201 

4127 

7.102 

4302 

7.110 

4341 

7.117 


For information on any of these products or to receive the Burr-Brown Linear Products 1C Data Book, call our 
automated literature request line at 1-602-741-3884, or contact your local sales representative. 



For Immediate Assistance, Contact Your Local Salesperson 


How to Use This Book 


If you know the 

MODEL NUMBER, 

If you know the 

PRODUCT TYPE, 


If you want 

NEW MODELS, 


If you want a PRICE, 

If you want TAPE 
& REEL SPECS, 


Use the Model Index on the 

INSIDE FRONT COVER. 

Use the TABBED TABLE OF CONTENTS, 
or use the SELECTION GUIDE TABLES at 
the front of each tabbed section. 

Use the Model Index on the INSIDE FRONT 
COVER or the SELECTION GUIDE 
TABLES at the front of each tabbed section. All 
new models contained in this edition are shown 
in boldface. Also, contact your local Burr- 
Brown representative for information on new 
models released since publication of this data 
book. 

Contact your local Burr-Brown representative. 

See INSIDE BACK COVER. 

See TAPE & REEL SPECIFICATIONS, 

Appendix C, or contact your local Burr-Brown 
representative. 
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LI-465 

©1995 Burr-Brown Corporation 
Printed in USA 

Burr-Brown Corporation 
International Airport Industrial Park 

Mailing Address: Street Address: 

PO Box 1 1 400 6730 S. Tucson Blvd. 

Tucson, AZ 85734 Tucson, AZ 85706 

Tel: (602) 746-1 1 1 1 (1 > • FAX: (602) 889-1 51 0™ • Cable: BBRCORP 

For immediate Product Information or Technical Assistance, call 

1 - 800 - 548-6132 

in the USA. 

Worldwide FAX Number 

( 602 ) 889 - 1 51 0 .* 1 * 

Burr-Brown FAXLine (USA Only) 

1 - 800 - 548-6133 


NOTE: (1) As of March 19, 1995, the area code for Arizona (except for the metropolitan Phoenix 
area) will be changed from 602 to 520, please dial your operator for further assistance. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility 
for inaccuracies or omissions. BURR-BROWN assumes no responsibility for the use of this information, and 
all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to 
change without notice. No patent rights or licenses to any of the circuits or products described herein are 
implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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About Burr-Brown 


Burr-Brown Corporation is an international leader in 
the design and manufacturing of precision microcir- 
cuits and microelectronic-based systems for use in 
data acquisition, signal conditioning, and control 
applications throughout the world. 

The Company’s produces a wide range of precision 
linear integrated circuits. The Company’ s integrated 
circuit components are used in analog and digital 
signal processing applications found in medical and 
scientific instrumentation, factory automation, auto- 
matic test equipment, process control, and consumer 
products such as electronic musical instruments and 
professional audio equipment. 

Company Facts 

• Founded in 1956. 

• Corporate headquarters: Tucson, Arizona. 

• 1470 employees. 

• 1000+ products. 

• Manufacturing and technical facilities in: Tucson, 
Arizona; Atsugi, Japan; Livingston, Scotland. 

• 7 North American direct sales offices, 130 sales 
representatives and distributors in 180+ locations. 

• International sales and distribution subsidiaries in 
Austria, France, Germany, Italy, Japan, the Neth- 
erlands, Switzerland, and the United Kingdom; 26 
sales representatives throughout the rest of the 
world. 

• Over 200 sales and service staff worldwide. 


Burr-Brown Receives 

ISO9001 Certification in U.S. and Europe 

In September 1993, Burr-Brown Corporation re- 
ceived ISO900 1 certification in the United States and 
Europe, simultaneously. In the United States, regis- 
tration is recognized through the AT&T Quality 
Registrar by the Registration Accreditation Board 
(RAB). Certification is accepted through the Elec- 
tronics Industries Quality Registrar by the Dutch 
Registration Board (RCV) in Europe. 

ISO9001 is the international standard for assessing 
the quality systems of companies that design, manu- 
facture, and test products. Adopted by 91 member 
countries, it’s the international quality standard for 
manufacturing, trade, and communications indus- 
tries. Certification indicates that a formal quality 
system exists for all processes and that these pro- 
cesses are audited on a timely basis. 
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Applications library 

Applications Bulletins, Design Software 


APPLICATIONS LIBRARY 

The following applications information is available from Burr- 


Brown at no charge. 

Call 1-800-548-6132 to order. 

APPLICATIONS BULLETINS 

Increasing INA117 Differential Input Range AB-001 

Make a Precision Current Source or Current Sink AB-002 

Voltage-Reference Filters AB-003 

Make a Precision -10V Reference AB-004 

Make a Precision ±1 OV Reference AB-005 

Make a -1 OV to +1 OV Adjustable Precision 

Voltage Source AB-006 

Classical Op Amp or Current-Feedback Op Amp? This 
Composite Op Amp Gives you the Best 

of Both Worlds AB-007 

AC Coupling Instrumentation and Difference 

Amplifiers AB-008 

Single-Supply Operation of Isolation Amplifiers AB-009 

±200V Difference Amplifier with Common-mode 

Voltage Monitor.. AB-010 

Low Power Supply Voltage Operation of 

REF102 10V Precision Voltage Reference AB-01 1 

Boost ISO120 Bandwidth to More Than 100kHz AB-01 2 

Increasing ADC603 Input Range AB-01 3 

Input Overload Protection for the RCV420 

4-20mA Current-loop Receiver AB-01 4 

Extending the Common-mode Range of 

Difference Amplifiers AB-01 5 

Boost Amplifier Output Swing With Simple 

Modification AB-01 6 

Low-pass Active Filter Design Program AB-01 7 

0-20mA Receiver Using the RCV420 AB-01 8 

Using the ADS7800 12-Bit ADC with Unipolar 

Input Signals AB-01 9 

Operational Amplifier and Instrumentation 

Amplifier Macromodels AB-020 

Synchronization of ISO120/ISO1 21 Isolation Amplifiers AB-021 

Fast Settling Low-Pass Filter AB-022 

Simple Output Filter Eliminates ISO Amp 

Output Ripple and Keeps Full Bandwidth AB-023 

Analog Isolation with Power AB-024 

Boost Instrumentation Amp CMR with Common-Mode 

Driven Supplies AB-025 

A Low Noise, Low Distortion Design for 

Anti-Aliasing and Anti-Imaging Filters AB-026 

High Speed Data Conversion AB-027 

Feedback Plots Define Op Amp AC Performance AB-028 

Input Filtering the INA1 17 ±200V Difference 

Amplifier AB-029 


Thermal and Electrical Properties of Selected 

Packaging Materials AB-030 

1C Building Blocks Form Complete Isolated 

4-20mA Current-Loop Systems AB-032 

Single-Supply, Low-Power Measurements 

of Bridge Networks AB-033 

MFB Low- Pass Filter Design Program AB-034 

Filter Design Program for the UAF42 Universal 

Active Filter AB-035 

Diode-Based Temperature Measurement AB-036 

Mounting Consideration for TO-3 Package AB-037 

Heat Sinking— TO-3 Thermal Model AB-038 

Power Amplifier Stress and Power Handling 

Limitations AB-039 

Frequency-to- Voltage Conversion AB-040 

Single Supply 4-20mA Current Loop Receiver AB-041 

Programmable-Gain Instrumentation Amplifiers . AB-042 

Use Low-Impedance Bridges on 4-20mA 

Current Loops AB-043 

Improved Device Noise Performance for the 

3650 Isolation Amplifier AB-044 

Op Amp Performance Analysis AB-045 

Operational Amplifier Macromodels: A Comparison ... AB-046 
Noise Sources in Applications Using Capacitive 

Coupled Isolated Amplifiers AB-047 

The ACF2101 Used as a Bipolar Switched Integrator ..AB-048 
The MPC100 Analog Multiplexer Improves RF 

Signal Distribution AB-049 

Compensate Transimpedance Amplifiers Intuitively ... AB-050 
Double the Output Current to a Load with the 

Dual OPA2604 Audio Op Amp AB-051 

OPA660 Drives Magnetic Recording Head AB-052 

Improved Noise Performance of the ACF21 01 

Switched Integrator AB-053 

Clamping Amplifiers Track Power Supplies AB-054 


Precision IA Swings Rail-to-Rail on Single 5V Supply AB-056 
Comparison of Noise Performance Between a FET 
Transimpedance Amplifier and a Switched Integrator 

AB-057 

Simple Filter Turns Square Waves into Sine Waves .. AB-058 

MTTF, Failrate, Reliability and Life Testing AB-Q59 

Careful Layout Tames Sample-Hold Pedestal Errors . AB-060 
Digitally Programmable, Time-Continuous 

Active Filter AB-062 

Design and Application of Transformer-Coupled Hybrid 

Isolation Amplifier Model 3656 AB-078 

The Key to Understanding Sources of Error in the ISO100 
Isolation Amplifier AB-079 
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Applications Library 

Applications Bulletins, Design Software 


Hybrid Isolation Amps Zap Prices and Voltage Barriers .. AB-080 


Isolation Amps Hike Accuracy and Reliability AB-093 

Build A Three Phase Sine Wave Generator With 

the UAF42 AB-096 

Voltage-to-Frequency Converters Offer Useful 

Options In A/D Conversion AB-130 

An Error Analysis of the ISO102 in Small Signal 

Measuring AB-161 

DC/DC Converter Noise Reduction AB-162 

Partial Discharge Testing AB-163 

Implementation and Applications of Current 

Sources and Current Receivers AB-165 

Coding Schemes Used with Data Converters AB-175 

Exchanging Files on the Customer Service 

Electronic Bulletin Board AB-176 


CDAC Architecture Plus Resistor Divider Gives ADC574 
Pinout with Sampling, Low-Power, New Input Ranges . AB-178 

Video Operational Amplifiers AB-179 

Ultra High-Speed ICs AB-180 

Diamond Transistor OPA660 AB-181 

New Ultra High-Speed Circuit Techniques 

with Analog ICs AB-183 

Designing Active Filters With The Diamond Transistor 

OPA660 AB-190 

Intermodulation Distortion (IMD) AB-194 



DESIGN SOFTWARE 


FilterPro Disk AB-035 

Spice Disk AB-020 
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Sales and Service 


ABOUT THIS BOOK 

To keep with the easy-to-use format we established 
last year, the Burr-Brown Integrated Circuits Data 
Books for 1995 will be similar to the 1994 books. 
Both the Linear Products and Data Conversion 
Products books are available free from your local 
salesperson or representative— see Sales Office 
Listings at back of book — or by calling our litera- 
ture request line at 1 - 800 - 548 - 6132 . Order both, or 
just the one that fits your needs. 

How to Use This Book 

Burr-Brown model numbers are listed in the Selec- 
tion Guides at the beginning of each tabbed section. 
With these tables you can quickly compare specs 
among different models and choose the best part for 
your design. Products appearing in boldface type 
are new products introduced by Burr-Brown since 
publication of the 1994 data books. 

Data sheets are arranged alphanumerically by prod- 
uct type, so if you know the name of the part you 
can find it quickly. Or, use the Model Index on the 
inside front cover, or page numbers as listed in the 
Selection Guide tables. 

CUSTOMER SERVICE 

Burr-Brown is committed to providing the best 
customer service in the industry — whether it be a 
need for additional technical literature, technical 
assistance, to place an order, or to return products. 
For immediate assistance with any problem or in- 
quiry, contact your local Burr-Brown salesperson or 
representative. See Sales Office Listings at back of 
book 

Direct factory assistance is available by calling the 
following numbers (6:30am to 5pm MST.) 


Technical Literature or 
Applications Assistance 

In addition to individual data sheets, Burr-Brown 
also provides its customers with applications bulle- 
tins, a comprehensive product selection guide on 
either a PC or Macintosh diskette, promotional 
samples, comprehensive brochures featuring many 
product types, and applications assistance by calling 
1 - 800 - 548 - 6132 . 

Literature requests may also be posted 24 hours/day 
by calling our automated literature request line at 
( 602 ) 741 - 3884 . When using this service, please be 
prepared to give your name, company, full address 
and phone number, as well as the product name or 
type of literature you are requesting. 

FA XLine 

The Burr-Brown FAXLine is now available for 
customer requests for product literature. Call 1- 
800 - 548-6133 (USA Only) to receive a Component 
Literature Fax Form, complete with FA XLine lit- 
erature order numbers. Up to three pieces of litera- 
ture may be requested per call. 

Prices and Quotations 

Price quotations made by Burr-Brown or its autho- 
rized field sales representatives are valid for 30 
days. Delivery quotations are subject to reconfirma- 
tion at the time of order placement. Please call your 
local sales representative or distributor (see list at 
the back of this book). 

Placing Orders 

You can place orders via telephone, FAX, mail, 
TWX, or Telex with any authorized Burr-Brown 
field sales office, sales representative, or authorized 
distributors. See Sales Office Listings at back of 
book for the office nearest you. 
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Sales and Service 


Returns and Warranty Service 

When returning products for any reason, contact 
Burr-Brown prior to shipping for authorization and 
shipping instructions. For complete instructions, 
contact your local salesperson or representative. 
Customers outside the USA should call the nearest 
sales office for details and information — see Inter- 
national Sales Office Listing at back of book. 

To return product, please call for your RMA num- 
ber. Ship units prepaid and supply the original 
purchase order number and date, along with an 
explanation of the malfunction. Upon receipt of the 
returned devices, Burr-Brown will verify the mal- 


function and inform you of the warranty status! 
cost to repair or replace, credits, and status of 
replacements where applicable. 

Area Code Alert! 

Beginning March 19, 1995, the area code for Ari- 
zona will be changed from a single area code state 
to a dual area code state. The area code for the 
entire state, with the exception of the Phoenix 
Metropolitan area, will change from 602 to 520. 
The phone company will provide a new number 
change message until June, 1995. 


tMMM 
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2 A/D Converters, Data 
m Acquisition Components 


The Burr-Brown Analog-to-Digital (A/D) con- 
verter product line offers a broad selection of 
resolutions, 12-, 14-, and 16-bit for industrial 
applications, and 16-, 18-, and 20-bit designed 
especially for audio applications. 

The Burr-Brown industrial A/D line includes in- 
dustry standard pinouts including two CMOS ver- 
sions with internal sample holds — the ADS574 
and ADS774. 

A new family of 12- and 16-bit A/D converters is 
included in this data book, ADS7804 through 
ADS7819. This family emphasizes low power, 
small size, single supply, ease-of-use and 


upgradability from 12- to 16-bits using the same 
pc layout and digital interface. 

The DDC101 is a 20-bit, 15kHz integrating A/D| 
converter with digital error correction and direct 
photosensor interface. 

High Speed A/D Converters 


Burr-Brown’s ADS605 and ADC614 offer some 
of the industry’s best performance for high-speed, 
high resolution sampling A/D converters. Dy- 
namic performance on these converters result in 
an excellent cost-to-performance ratio. The 16-bit 
512ksps ADC701 is the industry’s leading low- 
noise high-speed hybrid A/D converter. 


HIGH-SPEED ANALOG-TO-DIGITAL CONVERTERS 


Boldface = NEW 


Description 

Model 

Resolution 

(Bits) 

Linearity 

Error, 

max (%FSR) 

Input 

Range 

(V) 

Sampling 

Rate 

THD 
(dB, typ) 

Temp 

Range (1) 

Pkg (2) 

Q(3) 

Screen 

Page 

No. 

High 

ADC701 

16 

±0.003 

10V/20 

512kHz 

-94W/SHC702 

Com 

TDIP 

Q 

2.88 

Accuracy, ADC750 

High Resolution 

22 

±0.003 

10 

400kHz 

— 

Com 

Board 


A 

High Speed 

ADC614 

14 

±0.006 

±1.25 

5.12MHz 

-88/Nyquist 

Ind 

QDIP 

Q 

2.55 

Medium 

ADC603 

12 

±0.018 

±1.25 

10MHz 

-68 Com, Ind, Mil 

QDIP 

Q 

2.37 

Resolution 

ADC601 

12 

±0.012 

10V/20 

1MHz 

-70W/SHC804 

Com 

TDIP 

— 

2.33 


ADS602 

12 

±0.03 

10V/20 

1MHz 

-66 

Com 

TDIP 

— 

2.139 


ADS605 

12 

±0.012 

±1.0 

10MHz 

-78/Nyquist 

Com 

DDIP 

— 

2.147 


ADC803 

12 

±0.012 

10V/20 

1MHz 

NA 

Ind, Mil 

HMD 

Q 

2.110 


AUDIO ANALOG-TO-DIGITAL CONVERTERS 

See Section 8 of this data book for Burr-Brown’s selection of Audio Analog-to-Digital Converters. 


DSP COMPATIBLE ANALOG-TO-DIGITAL CONVERTERS 


Description 

Model 

Resolution 

(Bits) 

Typical 

DC Linearity 
Accuracy 

Input 

Range 

(V) 

Conversion 

Time 

(M 

THD+N 
dB, max 
(V in = ±FS) 

Output 

Format 

Pkg (2) 

Page 

No. 

Single 

Channel 

DSP101 

18 

14-Bit 

±2.75 

5 

-90 

Serial 

DDIP 

2.345 

Dual Channel 

DSP102 

18 

14-Bit 

±2.75 

5 

-90 

Serial 

DDIP 

2.345 


NOTES: (1 ) Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +1 25°C. (2) DIP = 0.3" wide DIP, DDIP = 0.6” wide DIP, TDIP = 0.9" wide 
DIP, PLCC = Plastic Leaded Chip Carrier, SO = Small Outline Surface Mount. QDIP = 1 .2” wide DIP. (3) Q indicates optional reliability screening 
is available for this model. 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS 




For Immediate Assistance, Contact Your Local Salesperson 


INSTRUMENTATION ANALOG-TO-PIGITAL CONVERTERS Boldface = NEW 

Conversion 


Description 

Resolution 
Model (Bits) 

Linearity 

Error 

(%FSR) 

Input 

Range (Vp 

Time or 
Sampling 
Rate 

NMC 

Reso- 

lution 

Temp 

Range< 2) 

PkgO) 

Page 

No. 

Data-Bus 

ADC700 

16 

±0.003 

5, 10, 20 U/B 

17ps 

14 

Mil, Ind, Com 

TDIP 

2.76 

Interface 










Industry Std 

ADC71 

16 


5, 10, 20 U/B 

50ps 

14 

Ind, Com 

TDIP 

2.3 

Pinouts 

ADC76 

16 


5, 10, 20 U/B 

17ps 

14 

Ind, Com 

TDIP 

2.7 

Sampling 574 

ADS574 

12 

±0.012 

10, 20, U/B 

40kHz 

12 

Com, Mil 

DIP, DDIP 

2.126 

Type 








SO 


Sampling 774 

ADS774 

12 

±0.012 

10, 20, U/B 

8.5|js 

12 

Com, Mil 

DIP, DDIP 

2.174 

Type 








SO 


Sampling, 

ADS7800 

12 

±0.012 

10, 20 B 

333kHz 

12 

Com, Ind 

DIP 

2.188 

Interface 








SO 


High-Accuracy, 

ADC7802 

12 

±0.012 

0 to +5 

8.5(lIS 

12 

Ext 

DDIP, PLCC 

2.113 

4-Channel, Auto- 

ADS7803 

12 

±0.018 

0 to +5 

8.5ps 

12 

Ext 

DDIP, PLCC 

2.199 

Calibration, 










Sampling 










CMOS 

ADS7804 

12 

±0.012 

20B 

lOps 

12 

Ext 

PDIP, SO 

2.212 

Sampling 

ADS7805 

16 

±0.0015 

20B 

lOps 

16 

Ext 

PDIP, SO 

2.222 

Family 

ADS7806 

12 

±0.012 

4, 5, 20U/B 

25ps 

12 

Ext 

PDIP, SO 

2.232 


ADS7807 

16 

±0.0015 

4, 5, 20U/B 

25ps 

16 

Ext 

PDIP, SO 

2.250 


ADS7808 

12 

±0.012 

4, 5, 10, 20U/B 

lOps 

12 

Ext 

PDIP, SO 

2.269 


ADS7809 

16 

±0.0015 

4, 5, 10, 20U/B 

lOps 

16 

Ext 

PDIP, SO 

2.279 


ADS7810 

12 

±0.012 

20B 

1 .25ps 

12 

Ext 

PDIP, SO 

2.289 


ADS7819 

12 

±0.012 

5B 

1 .25ps 

12 

Ext 

PDIP, SO 

2.298 

Industry Std 

ADC574A 

12 

±0.012 

10, 20 U/B 

25ps 

12 

Mil, ind, Com 

DDIP 

2.23 

Pinout and 

ADC674A 

12 

±0.012 

10, 20 U/B 

15ps 

12 

Mil, Ind, Com 

DDIP 

2.70 

Interface 

ADC774 

12 

±0.012 

10, 20 U/B 

8.5ps 

12 

Mil, Ind, Com 

DDIP 

2.103 

Medium Speed 

ADC80AG 

12 

±0.012 

5, 10, 20 U/B 

25ps 

12 

Ind 

TDIP 

2.11 

Monolithic 

ADC80MAH 

12 

±0.012 

5, 10, 20 U/B 

25ps 

12 

Ind 

TDIP 

2.15 

Medium Speed 

ADC84KG 

12 

±0.012 

5, 10, 20 U/B 

lOps 

12 

Ind 

TDIP 

2.19 


ADC85H 

12 

±0.012 

5, 10, 20 U/B 

lOps 

12 

Com 

TDIP 

2.19 

Mil Temperature 

ADC87H 

12 

±0.012 

5, 10, 20 U/B 

lOps 

12 

Mil 

TDIP 

2.19 

Range 










High Accuracy 

DDC101 

20 

±2.5ppm (4) 

Current and 

64ps 

18 

Ind 

DDIP, 

2.318 





Voltage 




SOIC 



NOTES: (1) U/B indicates the input voltage range for the model: U = unipolar, B = Bipolar. (2) Com = 0°C to +70°C, Ext = -40°C to +85°C, Ind = 
-25°Cto+85°C, Mil = -55°Cto+125°C. (3) DIP = 0.3"wide DIP, DDIP = 0.6" wide DIP, TDIP = 0.9"wide DIP, PLCC = Plastic Leaded Chip Carrier, 
SO = Small Outline Surface Mount. (4) Linearity errors ±0.025% reading ±2.5ppm FSR. 


DATA ACQUISITION COMP 

Resolution Linearity Input Throughput Temp Page 


Model 

Channels 

(Bits) 

Error (%FSR) 

Range (V) (1 > 

Rate (kHz) 

Range (2) 

Pkg< 3 > 

No. 

SDM862 

1 6 single ended 

12 

±0.012 

±5, ±10, +10 

33 

Com, Ind, Mil 

LCC, PGA 

2.367 

SDM863 

8 differential 

12 

±0.012 

±5, ±10, +10 

33 

Com, Ind, Mil 

LCC, PGA 

2.367 

SDM872 

1 6 single ended 

12 

±0.012 

±5, ±10, +10 

50 

Com, Ind, Mil 

LCC, PGA 

2.367 

SDM873 

8 differential 

12 

±0.012 

±5, ±10, +10 

50 

Com, Ind, Mil 

LCC, PGA 

2.367 


NOTES: (1) Internal instrumentation amplifier can be pin programmed for G = 1 , 10, 100. (2) Temperature Range: Com = 0°C to +70°C, Ind = - 
25°C to +85°C, Mil = -55°C to +125°C. (3) LCC = Hermetic 0.95" (typ) square Leadless Chip Carrier, PGA = Hermetic 1 .1" (typ) square Pin Grid 
Array. (4) Linearity error is ±0.025% reading ±2.5ppm FSR. 


STILL AVAILABLE BUT NOT IN DATA BOOK 


Description 

Model 

Resolution 

(Bits) 

Linearity 

Error 

(%FSR) 

Input 

Range (V) (1) 

Conversion 
Time or 
Sampling 
Rate 

NMC 

Reso- 

lution 

Temp 

Range (2) 

Pkg (3) 

Page 

No. 

Serial Output 

ADC804 

12 

±0.012 

5,10,20 U/B 

17ps 

12 

Mil, Ind, Com 

DDIP 

A 
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ADC71 


ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-1060. 


16-Bit 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 

• ±0.003% MAXIMUM NONLINEARITY 

• COMPACT DESIGN: 32-pin Hermetic 
Ceramic Package 

• CONVERSION SPEED: 50 ps max 


DESCRIPTION 

The ADC71 is a low cost, high quality, 16-bit succes- 
sive approximation analog-to-digital converter. It uses 
laser-trimmed ICs and is packaged in a convenient 32- 
pin hermetic ceramic dual-in-line package. The con- 
verter is complete with internal reference, clock, com- 
parator, and thin-film scaling resistors, which allow 
selection of analog input ranges of ±2.5V, ±5V, ±10V, 
0 to +5V, 0 to +10V and 0 to +20V. 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are TTL-compatible. 

Power supply voltages are ±15VDC and +5VDC. 





J 

Reference 



16-Bit D/A 
Converter , 


Ref Out (+6.3V) 


Short Cycle < 
Convert Command < 


16-Bit 

Successive Approx. 
Register (SAR) 


} Input Range 
Select 


-O Clock Out 
-O Status 
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ADC71 









For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


ELECTRICAL 

At +25°C and rated power supplies unless otherwise noted. 



ADC71J, K 

ADC71A, B 


MODEL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 



16 

Bits 

INPUTS 

ANALOG 

Voltage Ranges: Bipolar 


±2.5, ±5, ±10 



±2.5, ±5, ±10 


V 

Unipolar 


to +5, 0 to +1 

D, 

0 

to +5, 0 to +1c 


V 



0 to +20 



0 to +20 



Input Impedance (Direct Input) 








0 to +5V, ±2.5V 


2.5 



2.5 


kQ 

Oto +10V, ±5.0V 


5 



5 


kQ 

0 to +20 V, ±10V 


10 



10 


kQ 

DIGITAL* 1 * 








Convert Command Positive pulse 50ns wide (min) trailing edge (“1” to “0” initiates conversion) 

Logic Loading 



1 




TTL Load 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Error* 2 * 


±0.1 

±0.2 


±0.1 

±0.2 

% 

Offset* 2 *: Unipolar 


±0.05 

±0.1 


±0.05 

±0.1 

% of FSR* 3 * 

Bipolar 


±0.1 

±0.2 


±0.1 

±0.2 

% of FSR 

Linearity Error: K, B 



±0.003 



±0.003 

% of FSR 

J, A 



±0.006 



±0.006 

% of FSR 

Inherent Quantization Error 


±1/2 



±1/2 


LSB 

Differential Linearity Error 


±0.003 



±0.003 


% of FSR 

POWER SUPPLY SENSITIVITY 

±1 5VDC 


0.003 



0.003 


% of FSR/%V s 

+5VDC 


0.001 



0.001 


% of FSR/%V s 

CONVERSION TIME* 4 * 

14 Bits 



50 



50 

ps 

WARM-UP TIME 

5 



* .. 



min 

DRIFT 

Gain 


±10 

+15 


* 

* 

ppm/°C 

Offset: Unipolar 


±2 

±4 



±2 

ppm of FSR/°C 

Bipolar 


±8 

±10 


±5 

±10 

ppm of FSR/°C 

Linearity 

No Missing Codes Temp Range 


±2 

±3 



±2 

ppm of FSR/°C 

J, A (13-Bits) 

0 


+70 

-25 


+85 

°C 

K, B (14-Bits) 

0 


+70 

-25 


+85 

°C 

OUTPUT 

DIGITAL DATA 

(All Codes Complementary) 

Parallel Output Codes* 5 *: Unipolar 


CSB 






Bipolar 


COB, CTC* 6 * 






Output Drive 

Serial Data Code (NRZ) 


CSB, COB 

2 




TTL Loads 

Output Drive 



2 



* 

TTL Loads 

Status 

Logic 

“1” During Conversion 





Status Output Drive 



2 



2 

TTL Loads 

Clock Output Drive 



2 



2 

TTL Loads 

Frequency' 7 * 


280 



* 


kHz 

INTERNAL REFERENCE VOLTAGE 

Max External Current with 

6.0 

6.3 

6.6 

6.0 

6.3 

6.6 

V 

No Degradation of Specs 



±200 



±200 

pA 

Temp Coefficient 



±10 



* 

ppm/°C 

POWER SUPPLY REQUIREMENTS 

Power Consumption 


655 



655 


mW 

Rated Voltage, Analog 

±11.4 

±15 

±16 

* 

* 

* 

VDC 

Rated Voltage, Digital 

+4.75 

+5 

+4.75 

* 

* 

* 

VDC 

Supply Drain +15VDC 


+10 

+15 


* 

* 

mA 

Supply Drain -1 5VDC 


-28 

-35 


* 

* 

mA 

Supply Drain +5VDC 


+17 

+20 


* 

* 

mA 

TEMPERATURE RANGE 

Specification 

0 


+70 

-25 


+85 

°c 

Operating (Derated Specs) 

-25 


+85 

-55 


+125 

°C 

Storage 

-55 


+125 

-55 


+125 

°C 


NOTES: (1) CMOS/TTL compatible, i.e., Logic “0” = 0.8V, max Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0” = +0.4V, max Logic “1” = 2.4V min. 
(2) Adjustable to zero. (3) FSR means Full Scale Range. For example, unit connected for±10V range has 20V FSR. (4) Conversion time may be shortened with 
“Short Cycle’’ set for lower resolution, see “Additional Connections Required” section. (5) See Table I. CSB - Complementary Straight Binary. COB - Complementary 
Offset Binary. CTC - Complementary Two’s Complement. (6) CTC coding obtained by inverting MSB (Pin 1). 
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PIN CONFIGURATION 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 


Top View 



Short Cycle 
Convert Command 
+5VDC Supply 
Gain Adjust 
+15VDC Supply 
Comparator In 
Bipolar Offset 
10V 
20V 

Ref Out 6.3V 
Analog Common! 1 ) 
-1 5VDC Supply 
Clock Out 
Digital Common 
Status 
Serial Out 


NOTE: (1 ) Metal lid of package is connected to pin 22 (Analog Common). 


ABSOLUTE MAXIMUM SPECIFICATIONS 


+V CC to Common 0 to +16.5V 

-V cc to Common 0V to -16.5V 

+V DD to Common 0V to +7V 

Analog Common to Digital Common ±0.5V 

Logic Inputs to Common OV to V DD 

Maximum Power Dissipation lOOOmW 

Lead Temperature (10s) 300°C 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC71JG 

32-Pin Hermetic DIP 

172-5 

ADC71KG 

32-Pin Hermetic DIP 

172-5 

ADC71AG 

32-Pin Hermetic DIP 

172-5 

ADC71BG 

32-Pin Hermetic DIP 

172-5 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE RANGE 

NONLINEARITY 

ADC71JG 

ADC71KG 

ADC71AG 

ADC71BG 

0°C to +70°C 

0°C to +70°C 
-25°C to +85°C 
-25°C to +85°C 

±0.006% FSR 
±0.003% FSR 
±0.006% FSR 
±0.003% FSR 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 


mm 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS ADC71 









For Immediate Assistance, Contact Your Local Salesperson 




1 . .... 

Bit 16 

\ 1/ Bit 16 

\ A Valid 


i 

i 

j 

Status 

40-1 25ns — \j^ 


FIGURE 3. Timing Relationship of Valid Data to Status. 


Binary (BIN) 

Output 



INPUT VOLTAGE RANGE AND LSB VALUES 



Analog Input 

Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

OtO+IOV 

0 to +5V 

0 to +20V 

Code 

Designation 


COB* 1 * 
or CTC< 2 > 

COB* 1 * 
or CTC< 2) 

COB* 1 * 
or CTC* 2 * 

CSB* 3 * 

CSB* 3 * 

CSB* 3 * 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

20V 









Significant 

2 n 

2" 

2" 

2 n 

2 n 

2" 

2" 

Bit (LSB) 

n = 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 

4.88mV 


n = 13 

2.44mV 

1.22mV 

610jxV 

1 .22m V 

610|xV 

2.44mV 


n = 14 

1.22mV 

610JJ.V 

305|xV 

610pV 

305pV 

1.22mV 

Transition Values 

MSB LSB 

000 ... 000< 4 > 

+Full Scale 

+1 0V-3/2LSB 

+5V— 3/2LSB 

i 

+2.5V— 3/2LSB 

+10V-3/2LSB 

+5V-3/2LSB 

+20V-3/2LSB 

011 ... Ill 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

+10V 

111 ... 110 

-Full Scale 

-10V +1/2LSB 

-5V +1/2LSB 

-2.5V +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

NOTES: (1) COB = Complementary Offset Binary. (2) Complementary Two’s Complement— obtained by inverting the most significant bit MSB (pin 1). (3) CSB 

j = Complementary Straight Binary. (4) Voltages given are the nominal value for transition to the code specified. 




TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 
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ADC76 


ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request PDS-1063 


16-Bit 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 

• LINEARITY ERROR ±0.003% max (KG, BG) 

• NO MISSING CODES GUARANTEED FROM 
-25°C TO +85°C 

• 17[is CONVERSION TIME (16-Bit) 

• SERIAL AND PARALLEL OUTPUTS 


DESCRIPTION 

The ADC76 is a high quality, 16-bit successive ap- 
proximation analog-to-digital converter. The ADC76 
uses state-of-the-art laser-trimmed IC thin-film resis- 
tors and is packaged in a hermetic 32-pin dual-in-line 
package. The converter is complete with internal refer- 
ence, short cycling capabilities, serial output, and thin- 
film scaling resistors, which allow selection of analog 
input ranges of ±2.5 V, ±5V, ±10V, 0 to +5V, 0 to 
+10V and 0 to +20V. 

It is specified for operation over two temperature 
ranges: 0°C to +70°C (J, K) and -25°C to +85°C (A, 
B). 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital in- 
puts and outputs are TTL-compatible. 

Power supply voltages are ±15VDC and +5VDC. 


16-Bit D/A 
Converter ^ 


16-Bit 

Successive Approx. 
Register (SAR) 


> Short Cycle 

) Convert Command 

> l Input Range 
j Select 


) Clock Rate Control 
) Clock Out 
) Status 
) Serial Out 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS Q ADC76 








For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS 


ELECTRICAL 

At +25°C and rated power supplies unless otherwise noted. 


MODEL 

ADC76J, K 

ADC76A, B 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

RESOLUTION 



16 



* 

Bits 

ANALOG INPUTS 








Voltage Ranges: Bipolar 


±2.5, ±5, ±10 



* 


V 

Unipolar 


0 to +5, 0 to +10 



* 


V 



0 to +20 



* 



Impedance (Direct Input) 








0 to +5V, ±2.5V 


2.5 



* 


kQ 

Oto +10V, ±5.0V 


5 



* 


kQ 

Oto +20V, ±10V 


10 



* 


kQ 

DIGITAL INPUTS* 1 ’ 








Convert Command 

Positive pulse 50ns wide (min) trailing edge (“1” to 

‘0” initiates conversion) 


Logic Loading 



1 1 l 


TTL Load 

TRANSFER CHARACTERISTICS | 

ACCURACY 








, Gain Error* 2 ’ 


±0.1 

±0.2 


* 

* 

% 

Offset Error: Unipolar* 2 ’ 


±0.05 

±0.1 


* 

* 

% of FSR* 3 ’ 

Bipolar* 2 ’ 


±0.1 

±0.2 


* 

* 

% of FSR 

Linearity Error: K, B 



±0.003 



* 

% of FSR 

J, A 



±0.006 



* 

% of FSR 

Inherent Quantization Error 


±1/2 



* 


LSB 

Differential Linearity Error 


±0.003 



* 


% of FSR 

Noise (3o, p-p) 


±0.001 

±0.003 


* 

* 

% of FSR 

POWER SUPPLY SENSITIVITY 








±1 5 VDC 


0.003 



* 


% of FSR/%V s 

+5VDC 


0.001 



* 


% of FSR/%V s 

CONVERSION TIME* 4 ’ 








14 Bits 



15 



* 

ps 

15 Bits 



16 



* 

ps 

16 Bits 



17 



* 

ps 

WARM-UP TIME 

5 



* 



Min 

DRIFT 








Gain 



±15 



* 

ppm/°C 

Offset: Unipolar 


±2 

±4 


* 

* 

ppm of FSR/°C 

Bipolar 



±10 



* 

ppm of FSR/°C 

Linearity 


±2 

±3 


* 

* 

ppm of FSR/°C 

No Missing Codes Temp Range 








J, A (13-bit) 

0 


+70 

-25 


+85 

°C 

K, B (14-bit) 

0 


+70 

-25 


+85 

°C 

OUTPUT DIGITAL DATA 








(All codes complementary) 








Parallel 








Output Codes* 5 ’: Unipolar 


CSB 



* 



. Bipolar 


COB, CTC* 6 ’ 



* 



Output Drive 



2 



* 

TTL Loads 

Serial Data Code (NRZ) 


CSB, COB 



* 



Output Drive 



2 



* 

TTL Loads 

Status 

Logic “1” during conversion 


* 



Status Output Drive 



2 



* 

TTL Loads 

Internal Clock: Clock Output Drive 



2 



* 

TTL Loads 

Frequency* 7 ’ 

933 


1400 

* 


* 

kHz 

POWER SUPPLY REQUIREMENTS 








Power Consumption 


0.655 



* 


W 

Rated Voltage: Analog 

±11.4 

±15 

±16 

* 

* 

* 

VDC 

Digital 

+4.75 

+5 

+5.25 

* 

* 

* 

VDC 

Supply Drain: +15VDC 


+10 

+15 


* 

* 

mA 

-15VDC 


-28 

-35 

i 

* 


mA 

+5VDC 


+17 

+20 


* 

* 

mA 

TEMPERATURE RANGE 








Specification 

0 


+70 

-25 


+85 

°C 

Storage 

-55 



+125 

* 


* 

°C 


‘Specification same as ADC76J, K. 

NOTES: (1) CMOS/TTL compatible, i.e., Logic “0” = 0.8V, max, Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0” = 0.4V, max, Logic “1’ = 2.4V, min. (2) 
Adjustable to zero. See “Optional External Gain and Offset Adjustment” section. (3) FSR means Full Scale Range. For example, unit connected for ±10V range has 
20V FSR. (4) Conversion time may be shortened with “Short Cycle” set for lower resolution and with use of Clock Rate Control. See “Optional Conversion Time 
Adjustment” section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified conversion time. Short Cycle (pin 32) should be left open 
for 1 6-bit resolution or connected to the n + 1 digital output for n-bit resolution. For example, connect Short Cycle to Bit 1 5 (pin 1 5) for 1 4-bit resolution. For resolutions 
less than 16 bits, pin 32 should also be tied to +5V through a 2kQ resistor. (5) See Table I. CSBr-Complementary Straight Binary, COB— Complementary Offset 
Binary, CTC— Complementary Two’s Complement. (6) CTC coding obtained by inverting MSB (pin 1). (7) Adjustable with Clock Rate Control from approximately 
933kHz to 1 .4MHz. 
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PIN CONFIGURATION 


MSB Bit 1 | 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 
Bit 12 

(LSB for 13 Bits) Bit 13 
(LSB for 14 Bits) Bit 14 
Bit 15 
Bit 16 

NOTE: (1) Metal lid is connected 
to pin 22 (Analog Common). 



Short Cycle 
Convert Command 
+5V Supply 
Gain Adjust 
+15V Supply 
Comparator In 
Bipolar Offset 
10V 
20V 

Clock Rate Control 
Analog Common^) 
-15V Supply 
Clock Out 
Digital Common 
Status 
Serial Out 


ABSOLUTE MAXIMUM SPECIFICATIONS 


+V CC to Common OV to +16.5V 

-V cc to Common OV to -1 6.5V 

+V DD to Common OV to +7V 

Analog Common to Digital Common ±0.5V 

Logic Inputs to Common OV to V DD 

Maximum Power Dissipation lOOOmW 

Lead Temperature (soldering, 10s) 300°C 


PACKAGE INFORMATION™ 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC76JG 

32-Pin Hermetic DIP 

172-5 

ADC76KG 

32-Pin Hermetic DIP 

172-5 

ADC76AG 

32-Pin Hermetic DIP 

172-5 

ADC76BG 

32-Pin Hermetic DIP 

172-5 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

LINEARITY ERROR 
max (% of FSR) 

TEMPERATURE RANGE 

ADC76AG 

±0.006 

-25°C to +85°C 

ADC76BG 

±0.003 

-25°C to +85°C 

ADC76JG 

±0.006 

0°C to +70°C 

ADC76KG 

±0.003 

0°C to +70°C 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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BINARY 
(BIN) OUTPUT 



NPUT VOLTAGE RANGE AND LSB VALUES 



Analog Input 

Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

0 to +IOV 

0 to +5 V 

0 to +20V 

Code 

Designation 


COB* 1 ) 
or CTC (2) 

COB (1 > 
or CTC (2) 

COB* 1 ) 
or CTC (2) 

CSB (3) 

CSB< 3 > 

CSB* 3 > 

One Least 

FSR 

20 V 

10V 

5V 

10V 

5V 

20V 

Significant 

2" 

2" 

2 n 

2 n 

2 n 

2 n 

2 n 

Bit (LSB) 

n = 12 

4.88mV 

2.44mV 

1.22m V 

2.44mV 

1 .22mV 

4.88mV 


n = 13 

2.44mV 

1 .22mV 

610pV 

1 ,22mV 

610p.V 

2.44m V 


n = 14 

1.22mV 

610(xV 

305pV 

610p,V 

305pV 

1.22mV 

Transition Values 

MSB LSB 

000 ... 000 (4) 

+Full Scale 

+10V-3/2LSB 

+5V-3/2LSB 

+2.5V— 3/2LSB 

+10V-3/2LSB 

+5V-3/2LSB 

+20V-3/2LSB 

011 ... Ill 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

+10V 

111 ... 110 

-Full Scale 

-10 V +1/2LSB 

— 5V +1/2LSB 

-2.5V +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

1 NOTES: (1) COB = Complementary Offset Binary. (2) Complementary Two’s Complement — obtained by inverting the most significant bit MSB (pin 1). (3) CSB 1 

= Complementary Straight Binary. (4) Voltages given are the nominal value for transition to the code specified. 


1 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 
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ADC80 


ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-676 


General Purpose 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• INDUSTRY-STANDARD 12-BIT ADC 

• ±0.012% LINEARITY 

• 25|is max CONVERSION TIME 

• ±1 2V OR ±1 5V OPERATION 

• NO MISSING CODES: -25°C to +85°C 

• HERMETIC 32-PIN PACKAGE 

• PARALLEL AND SERIAL OUTPUTS 

• 595 mW max DISSIPATION 


Clock 

Inhibit 

External 

Clock 

Short 

Cycle 

Comparator 

In 



DESCRIPTION 

The ADC80 is a 12-bit successive-approximation ana- 
log-to-digital converter, utilizing state-of-the-art CMOS 
and laser-trimmed bipolar die custom designed for 
freedom from latch-up and optimum AC performance. 
It is complete with a comparator, a monolithic 12-bit 
DAC which includes a 6.3V reference laser-trimmed 
for minimum temperature coefficient, and a CMOS 
logic chip containing the successive approximation 
register (SAR), clock, and all other associated logic 
functions. 

Internal scaling resistors are provided for the selection 
of analog input signal ranges of ±2.5V, ±5V, ±10V, 0 
to +5V, or 0 to +10V. Gain and offset errors may be 
externally trimmed to zero, enabling initial endpoint 
accuracies of better than ±0.12% (±1/2LSB). 

The maximum conversion time of 25ps makes the 
ADC80 ideal for a wide range of 12-bit applications 
requiring system throughput sampling rates up to 
40kHz. In addition, the ADC80 may be short-cycled 
for faster conversion speed with reduced resolution, 
and an external clock may be used to synchronize the 
converter to the system clock or to obtain higher speed 
operation. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTL/LSTTL-compatible, 
with internal pull-up resistors included on all digital 
inputs to eliminate the need for external pull-up resis- 
tors on digital inputs not requiring connection. The 
ADC80 operates equally well with either ±15V or 
±12V analog power supplies, and also requires use of 
a +5V logic power supply. However, unlike many 
ADC-type products, a +5V analog power supply is not 
required. It is packaged in a hermetic 32-pin side- 
brazed ceramic dual-in-line package. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, ±V CC = 12V or 15V, V DD = +5V, unless otherwise specified. 



ADC80AG 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 

ADC80AG-12, ADC80-AGZ-12® 



12 

Bits 

ADC80AG-10 



10 

Bits 

INPUT | 

ANALOG 

Voltage Ranges: Unipolar 


0 to +5, 0 to +10 


V 

Bipolar 


±2.5, ±5, ±10 


V 

Impedance: 0 to +5V, ±2.5V 

2.45 

2.5 

2.55 

k £1 

Oto +10V, +5V 

4.9 

5 

5.1 

kii 

±10V 

9.8 

10 

10.2 

k £2 

DIGITAL 

Logic Characteristics (Over specification temperature range) 





V 1H (Logic “1”) 

2 


5.5 

V 

V 1L (Logic “0”) 

-0.3 


+0.8 

V 

I.h (V, N = +2.7V) 



-150 

pA 

l. L (V| N = +0.4V) 



500 

pA 

Convert Command Pulse Width® 

100 


2000 

ns 

TRANSFER CHARACTERISTICS j 

ACCURACY 

Gain Error® 


±0.1 

±0.3 

% of FSR® 

Offset Error®: Unipolar 


±0.05 

±0.2 

% of FSR 

Bipolar 


±0.1 

±0.3 

% of FSR 

Linearity Error: ADC80AG-12, ADC80AGZ-12 



±0.012 

% of FSR 

ADC80AG-10 



±0.048 

% of FSR 

Differential Linearity Error 


±1/2 

±3/4 

LSB 

Inherent Quantization Error 


±1/2 


LSB 

POWER SUPPLY SENSITIVITY 

11.4V <±V CC < 16.5V 


±0.003 

±0.009 

% of FSR/%V CC 

+4.5V £ V DD < +5.5V 


±0.002 

±0.005 

% of FSR/%V dd 

DRIFT 

Total Accuracy, Bipolar® 


±10 

±23 

ppm/°C 

Gain 


±15 

±30 

ppm/°C 

Offset: Unipolar 


±3 


ppm of FSR/°C 

Bipolar 


±7 

±15 

ppm of FSR/°C 

Linearity Error Drift 


±1 

±3 

ppm of FSR/°C 

Differential Linearity over Temperature Range 



±3/4 

LSB 

No Missing Code Temperature Range 

Monotonicity Over Temperature Range 

-25 

Guaranteed 

+85 

°C 

CONVERSION TIME® 

ADC80AG-12, ADC80-AGZ-12 

15 

22 

25 

ps 

ADC80AG-10 

13 

20 

22 

ps 

| OUTPUT | 

DIGITAL (Bits 1-12 , Clock Out, Status, Serial Out) 

Output Codes® 





Parallel: Unipolar 


CSB 



Bipolar 


COB, CTC 



Serial (NRZ)® 

Logic Levels: Logic 0 (l SINK < 3.2mA) 


CSB, COB 

+0.4 

V 

Logic 1 (l SOURCE < 80pA) 

+2.4 



V 

Internal Clock Frequency 


545 


kHz 

INTERNAL REFERENCE VOLTAGE 

Voltage 

+6.2 

+6.3 

+6.4 

V 

Source Current Available for External Loads® 

200 



pA 

Temperature Coefficient 


±10 

±30 

ppm/°C 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At T a = +25°C, ±V CC = 12V or 15V, V DD = +5V, unless otherwise specified. 



ADC80AG 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS (For all models) 

Voltage: ±V CC 

±11.4 

±15 

±16.5 

V 

Vdd 

+4.5 

+5 

+5.5 

V 

Current: +l cc 


5 

8.5 

mA 

-Ice 


21 

26 

mA 

Idd 


11 

15 

mA 

Power Dissipation (±V CC = 15V) 


450 

595 

mW 

Thermal Resistance, 0 JA 


50 


°C/W 

TEMPERATURE RANGE (Ambient) 

Specification 

-25 


+85 

°C 

Operating (derated specs) 

-55 


+125 

°C 

Storage 

-65 


+150 

°C 


NOTES: (1) ADC80AGZ-12 is not recommended for new designs. Standard ADC80AG-12 now meets the extended power supply range of the ADC80AGZ-12. (2) 
Accurate conversion will be obtained with any convert command pulse width of greater than 100ns; however, it must be limited to 2ps (max) to assure the specified 
conversion time. (3) Gain and offset errors are adjustable to zero. See “Optional External Gain and Offset Adjustment” section. (4) FSR means Full-Scale Range 
and is 20V for ±10V range, 10V for ±5V and 0 to +10V ranges, etc. (5) Includes drift due to linearity, gain, and offset drifts. (6) Conversion time is specified using 
internal clock. For operation with an external clock see “Clock Options” section. This converter may also be short-cycled to less than 12-bit resolution for shorter 
conversion time: see “Short Cycle Feature” section. (7) CSB means Complementary Straight Binary, COB means Complementary Offset Binary, and CTC means 
Complementary Two’s Complement coding. See Table 1 for additional information. (8) NRZ means Non-Return-to-Zero coding. (9) External loading must be constant 
during conversion, and must not exceed 200|iA for guaranteed specification. 


PIN ASSIGNMENTS 


HUSH 

DESCRIPTION 

bzeh 

DESCRIPTION 

i 

Bit 6 

32 

Bit 7 

2 

Bit 5 

31 

Bit 8 

3 

Bit 4 

30 

Bit 9 

4 

Bit 3 

29 

Bit 10 (LSB-10 Bits) 

5 

Bit 2 

28 

Bit 11 

6 

Bit 1 (MSB) 

27 

Bit 12 (LSB-12 Bits) 

7 

NO 1 ) 

26 

Serial Out 

8 

Bit 1 (MSB) 

25 

-V cc 

9 

+5V Digital Supply 

24 

Reference Out (+6.3V) 

10 

Digital Common^ 

23 

Clock Out 

11 

Comparator In 

22 

Status 

12 

Bipolar Offset 

21 

Short Cycle 

13 

R t 1 0V Range 

20 

Clock Inhibit 

14 

R a 20V Range 

19 

External Clock 

15 

Analog Common 

18 

Convert Command 

16 

Gain Adjust 

17 

+v cc 


NOTE: (1) +5V applied to pin 7 has no effect on circuit. (2) Metal lid of package 
is connected to pin 1 0. 


CONNECTION DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


+V CC to Analog Common 

0 to +1 6.5V 

— V cc to Analog Common 

0 to -16.5V 

V DD to Digital Common 

Analog Common to Digital Common 

0 to +7V 

+0.5V 

Logic Inputs (Convert Command, Clock In) 

to Digital Common 

Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common 

Reference Output 

Lead Temperature, (soldering, 10s) 

-0.3V to +V DD +0.5V 

+1 6.5V 

Indefinite Short to Common, 
Momentary Short to V cc 
+300°C 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maxi- 
mum conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

RESOLUTION 

(Bits) 

ADC80AG-10 

10 

ADC80G-12 

12 

ADC80GZ-12 (1) 

12 


NOTE: (1) ADC80AGZ-12 is not recommended for new designs. Standard 
ADC80AG-12 now meets the extended power supply range of the 
ADC80AGZ-12. 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

ADC80AG-10 

32-Pin Hermetic 

172 

ADC80G-12 

32-Pin Hermetic 

172 

ADC80AZ-12 (1) 

32-Pin Hermetic 

172 


NOTE: (1 ) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 



FIGURE 1. ADC80 Timing Diagram (nominal values at +25°C with internal clock). 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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If 


ADC80MAH-12 


ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request PDS-694 


Monolithicl 2-Bit 

ANALOG-TO-DIGITAL CONVERTER 


circuits have been redesigned to allow simplified free- 
running operation with internal or external clock. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTL/LSTTL-compatible, 
with internal pull-up resistors included on all digital 
inputs to eliminate the need for external pull-up resis- 
tors on digital inputs not requiring connection. The 
ADC80MAH-12 operates equally well with either 
±15 V or ±12V analog power supplies, and also re- 
quires use of a +5V logic power supply. However, 
unlike many ADC80-type products, a +5V analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side-brazed ceramic dual-in-line pack- 
age. 


FEATURES 

• INDUSTRY-STANDARD 12-BIT ADC 

• MONOLITHIC CONSTRUCTION 

• LOW COST 

• ±0.012% LINEARITY 

• 25fis max CONVERSION TIME 

• ±1 2V OR ±1 5V OPERATION 

• NO MISSING CODES: -25°C to +85°C 

• HERMETIC 32-PIN PACKAGE 

• PARALLEL OR SERIAL OUTPUTS 

• 705 mW max DISSIPATION 


DESCRIPTION 

The ADC80MAH-12 is a 12-bit single-chip succes- 
sive-approximation analog-to-digital converter for low 
cost converter applications. It is complete with a 
comparator, a 12-bit DAC which includes a 6.3V 
reference laser-trimmed for minimum temperature 
coefficient, a successive approximation register (SAR), 
clock, and all other associated logic functions. 

Internal scaling resistors are provided for the selection 
of analog input signal ranges of ±2.5 V, ±5V, ±10V, 0 
to +5V, or 0 to +10V. Gain and offset errors may be 
externally trimmed to zero, enabling initial end-point 
accuracies of better than ±0.12% (±1/2LSB). 

The maximum conversion time of 25ps makes the 
ADC80MAH-12 ideal for a wide range of 12-bit 
applications requiring system throughput sampling 
rates up to 40kHz. In addition, this A/D converter may 
be short-cycled for faster conversion speed with re- 
duced resolution, and an external clock may be used to 
synchronize the converter to the system clock or to 
obtain higher-speed operation. The convert command 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, ±V CC = 12V or 15V, V DD = +5V, unless otherwise specified. 



ADC80MAH-12 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 

Bits 

INPUT | 

ANALOG 

Voltage Ranges: Unipolar 


0 to +5, 0 to +10 


V 

Bipolar 


±2.5, ±5, ±10 


V 

Impedance: 0 to +5V, ±2.5V 

2.45 

2.5 

2.55 

kQ 

Oto +10V, ±5V 

4.9 

5 

5.1 

k a 

±10V 

9.8 

10 

10.2 

ka 

DIGITAL 

Logic Characteristics (Over specification temperature range) 





V IH (Logic “1”) 

2 


5.5 

V 

V, L (Logic “0”) 

-0.3 


+0.8 

V 

l IH (V IN = +2.7V) 



20 

pA 

l, L (V| N = +0.4V) 

-20 



pA 

Convert Command Pulse Widths 

100ns 


20 

M-S 

| TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Errors 


±0.01 

±0.3 

% of FSR< 3 > 

Offset Error! 2 ); Unipolar 


±0.05 

±0.2 

% of FSR 

Bipolar 


±0.1 

±0.3 

% of FSR 

Linearity Error 



±0.012 

% of FSR 

Differential Linearity Error 


±1/2 

±3/4 

LSB 

Inherent Quantization Error 


±1/2 


LSB 

POWER SUPPLY SENSITIVITY 

11.4V <±V CC < 16.5V 


±0.003 

±0.009 

% of FSR/%V CC 

+4.5V < ±V DD < +5.5V 


±0.002 

±0.005 

% of FSR/%V dd 

DRIFT 

Total Accuracy, Bipolar* 4 ) 


±10 

±23 

ppm/°C 

Gain 


±15 

±30 

ppm/°C 

Offset: Unipolar 


±3 


ppm of FSR/°C 

Bipolar 


±7 

±15 

ppm of FSR/°C 

Linearity Error Drift 


±1 

±3 

ppm of FSR/°C 

Differential Linearity over Temperature Range 



±3/4 

LSB 

No Missing Code Temperature Range 

Monotonicity Over Temperature Range 

-25 

Guaranteed 

±85 

°C 

CONVERSION TIME< 5 > 


22 

25 

ps 

| OUTPUT | 

DIGITAL (Bits 1-12 , Clock Out, Status, Serial Out) 

Output Codes* 6 ) 





Parallel: Unipolar 


CSB 



Bipolar 


COB, CTC 



Serial (NRZ)< 7 > 

Logic Levels: Logic 0 (I S1NK < 3.2mA) 


CSB, COB 

+0.4 

V 

Logic 1 (l S0URCE < 80pA) 

+2.4 



V 

Internal Clock Frequency 


520 


kHz 

INTERNAL REFERENCE VOLTAGE 

Voltage 

+6.20 

+6.3 

+6.40 

V 

Source Current Available for External Loads!®) 

200 



pA 

Temperature Coefficient 


±10 

±30 

ppm/°C 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 

ELECTRICAL 

At T a = +25°C, ±V CC = 12V or 15V, V DD = +5V, unless otherwise specified. 



ADC80MAH-12 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS 

Rated Supply Voltages 


+5, ±12 or ±15 


V 

Supply Ranges: ±V CC 

±11.4 


+16.5 

V 

V DD 

+4.5 


+5.5 

V 

Supply Drain: +l cc (+V CC = 15V) 


8.5 

11 

mA 

-Ice (-V cc = 15V) 


21 

24 

mA 

< 

ii 

Ol 

< 


30 

36 

mA 

Power Dissipation (±V CC = 15V, V DD = 5 V) 


593 

705 

mW 

Thermal Resistance, 0 JA 


50 


°C/W 

TEMPERATURE RANGE (Ambient) 

Specification 

t 

-25 


+85 

°C 

Operating (derated specs) 

-55 


+125 

°C 

Storage 

-65 


+150 

°C 


NOTES: (1) Accurate conversion will be obtained with any convert command pulse width of greater than 100ns; however, it must be limited to 20ps (max) to assure 
the specified conversion time. (2) Gain and offset errors are adjustable to zero. See “Optional External Gain and Offset Adjustment” section. (3) FSR means Full- 
Scale Range and is 20V for ±10V range, 10V for ±5V and 0 to +10V ranges, etc. (4) Includes drift due to linearity, gain, and offset drifts. (5) Conversion time is 
specified using internal clock. For operation with an external clock see “Clock Options" section. This converter may also be short-cycled to less than 12-bit resolution 
for shorter conversion time; see “Short Cycle Feature” section. (6) CSB means Complementary Straight Binary, COB means Complementary Offset Binary, and 
CTC means Complementary Two’s Complement coding. See Table I for additional information. (7) NRZ means Non-Return-to-Zero coding. (8) External loading 
must be constant during conversion, and must not exceed 200^A for guaranteed specification. 


ABSOLUTE MAXIMUM RATINGS PCM1760 



0 to +1 6.5V 


0 to -16.5V 

V DD to Digital Common 

Analog Common to Digital Common 

0 to +7V 

±0.5V 

Logic Inputs (Convert Command, Clock In) 
to Digital Common 

-0.3V to +V CC 

Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common 

Reference Output 

+16.5V 

Indefinite Short to Common, 

Lead Temperature, (soldering, 10s) 

Momentary Short to V cc 
+300°C 

Maximum Junction Temperature 

+1 60°C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may 


cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet its published 
specifications. 


ORDERING INFORMATION 


MODEL 

RESOLUTION 

(Bits) 

ADC80MAH-12 

12 

BURN-IN SCREENING OPTION | 


BURN-IN TEMPERATURE 

MODEL 

(leohy 1 ) 

ADC80MAH-1 2-BI 

12 


NOTE: (1) Or equivalent. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC80MAH-12 

32-Pin Hermetic 

212 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


HM 1 


Burr-Brown IC Data Book — Data Conversion Products 


2.17 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS D ADC80MAH-12 


















For Immediate Assistance, Contact Your Local Salesperson 


CONNECTION DIAGRAM 


PIN ASSIGNMENTS 



FIGURE 1. Timing Diagram (nominal values at +25°C with internal clock). 
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BURR - BROWN 



ADC84 

ADC85H 

ADC87H 


1C ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 


• INDUSTRY STANDARD 12-BIT A/D 
CONVERTERS 

• COMPLETE WITH CLOCK AND INPUT 
BUFFER 

• HIGH SPEED CONVERSION: IOjis (max) 

• REDUCED CHIP COUNT — HIGH 
RELIABILITY 

• LOWER POWER DISSIPATION: 

450MW (typ) 

• ±0.012% max LINEARITY ERROR 


DESCRIPTION 

ADC84, ADC85H, and ADC87H analog-to-digital 
converters utilize state-of-the-art IC and laser-trimmed 
thin-film components, and are packaged in a 32-pin 
hermetic side-brazed package. 

They are complete with internal reference and input 
buffer amplifier. Thin-film internal scaling resistors 
are provided for the selection of analog input signal 
ranges of ±2.5V, ±5V, ±10V, 0 to +5V, or 0 to +10V. 
Gain and offset errors may be externally trimmed to 
zero, offering initial accuracies of better than ±0.012% 
(±1/2LSB). 


• THREE TEMPERATURE RANGES: 
0°C to +70°C — ADC84 

-25 °C to +85°C — ADC85H 
-55 °C to +1 25°C — ADC87H 

• NO MISSING CODES OVER FULL 
TEMPERATURE RANGE 

• PARALLEL AND SERIAL OUTPUTS 

• ±12V OR ±15V POWER SUPPLY 
OPERATION 

• HERMETIC 32-PIN CERAMIC 
SIDE-BRAZED DIP 


The fast lOjis conversion speed for 12-bit resolution 
makes these ADCs excellent for a wide range of 
applications where system throughput sampling rates 
of 100kHz are required. In addition, they may be short 
cycled and the clock rate control may be used to 
obtain faster conversion speeds at lower resolutions. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are CMOS/TTL-compatible. 
Power supply voltages are ±12VDC or ±15VDC and 
+5VDC. 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602)889-1510 • Immediate Product Info: (800) 548-6132 


BURR -BROWN® 


PDS-714A 


2.19 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS Q ADC84/85/87H 




•Specification is the same as ADC84KG-1 2. 

NOTES: (1) Model ADC84KG-10 is the same as model ADC84KG-12 except for the following: (a) Resolution: 10 bits (max), (b) Linearity Error: ±0.048% of FSR 
(max), (c) Conversion Time: 6|xs (max), (d) Internal Clock Frequency: 1 ,9MHz (typ). (2) If the buffer is used, delay Convert Command until amplifier settles. (3) DTL/ 
TTL compatible. For digital inputs Logic “0” = 0.8V (max) and Logic “1” = 2.0V (min). For digital outputs Logic “0” = 0.4V (max) and Logic “1” = 2.4V (min). (4) 
Adjustable to zero. (5) FSR means Full Scale Range. (6) The error shown is the same as ±1/2LSB max linearity error in % of FSR. (7) Internal clock is externally 
adjustable. 
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CONNECTION DIAGRAM — ADC84, 85H, 87H 


(LSB for 12 bits) Bit 12 
Bit 1 1 

(LSB for 10 bits) Bit 10 
Bit 9 
Bit 8 
Bit 7 
Bit 6 
Bit5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 (MSB) 
Bit 1 (MSB) 
Short Cycle 
Digital Common! 1 ) 


NOTE: (1) Metal lid of package is 
connected to pin 15 (Digital Common). 



q 75 5kQj 

3 £ 5kfi < 
^AAA-4 


Serial Out 

~ v cc 
Buffer In 
Buffer Out 
+v cc 

Gain Adjust 
Analog Common 
R 2 20V Range 
24] R, 10V Range 
23 | Bipolar Offset 
22 | Comparator In 
21 I Convert Command 


\ 1 8 Reference Out (+6.3V) 


1 1 7 Clock Rate Control 


ORDERING INFORMATION 


MODEL 

RESOLUTION 

(Bits) 

ADC84KG-10 

10 

ADC84KG-12 

12 

ADC85H-12 

12 

ADC87H-12 

12 


TEMPERATURE 

RANGE 



PACKAGE INFORMATION^ 




PACKAGE DRAWING 

PACKAGE 

NUMBER 

Case Ceramic DIP 

172-5 

Case Ceramic DIP 

172-5 

32- Pin Side-brazed 

172-5 

32-Pin Side-brazed 

172-5 



NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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FIGURE 1. Timing Diagram. 
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Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• COMPLETE 12-BIT A/D CONVERTER WITH 
REFERENCE, CLOCK, AND 8-, 12-, or 16- 
BIT MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND 
SOURCE FOR 574A-TYPE A/D 
CONVERTERS 

Conversion Time: 25 ps max 
Bus Access Time: 150ns max 
A 0 Input: Bus Contention During Read 
Operation Eliminated 

• DUAL IN-LINE PLASTIC, PLCC AND 
HERMETIC CERAMIC 

• FULLY SPECIFIED FOR OPERATION ON 
±1 2 V OR ±1 5 V SUPPLIES 

• NO MISSING CODES OVER 
TEMPERATURE: 

0°C to +75°C: ADC574AJ and K Grades 
-55 °C to +125°C: ADC574ASH, TH 

DESCRIPTION 

The ADC574A is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom-designed 


for freedom from latch-up and for optimum AC per- 
formance. It is complete with a self-contained +10V 
reference, internal clock, digital interface for micropro- 
cessor control, and three- state outputs. 

The reference circuit, containing a buried zener, is laser- 
trimmed for minimum temperature coefficient. The 
clock oscillator is current-controlled for excellent sta- 
bility over temperature. Full-scale and offset errors may 
be externally trimmed to zero. Internal scaling resistors 
are provided for the selection of analog input signal 
ranges of 0V to +10V, 0V to +20V, ±5V, and ±10V. 

The converter may be externally programmed to pro- 
vide 8- or 12-bit resolution. The conversion time for 12 
bits is factory set for 25jns maximum. 

Output data are available in a parallel format from TTL- 
compatible three-state output buffers. Output data are 
coded in straight binary for unipolar input signals and 
bipolar offset binary for bipolar input signals. 

The ADC574A, available in both industrial and military 
temperature ranges, requires supply voltages of +5V 
and ±12V or ±15V. It is packaged in a 28-pin plastic 
DIP, and a hermetic side-brazed ceramic DIP. 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, V cc = +12V or +15V, V EE = -12V or -15V, V LOGIC = +5V unless otherwise specified. 



ADC574AJP, JH, SH 

ADC574AKP, KH, TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 



* 

Bits 

INPUTS | 

ANALOG 








Voltage Ranges: Unipolar 

Oto +10,0 to +20 


* 


V 

Bipolar 


±5, ±10 



* 


V 

Impedance: 0 to +10V, ±5V 

4.7 

5 

5.3 

* 

* 


kQ, 

±10V, OV to +20V 

9.4 

10 

10.6 

* 

* 

* 

k a 

DIGITAL (CE, CS, R/C, A 0 , 12/8) 

Over Temperature Range 








Voltages: Logic 1 

+2 


+5.5 

* 


* 

V 

Logic 0 

-0.5 


+0.8 

* 


* 

V 

Current 

-5 

0.1 

+5 

* 

* 

* 

pA 

Capacitance 


5 





pF 

TRANSFER CHARACTERISTICS 1 

ACCURACY 

At +25°C 








Linearity Error 



±1 



±1/2 

LSB 

Unipolar Offset Error (Adjustable to Zero) 



±2 



* 

LSB 

Bipolar Offset Error (Adjustable to Zero) 

Full-Scale Calibration Error' 1 ) 



±10 



±4 

LSB 

(Adjustable to Zero) 



±0.25 



* 

% of FS< 2 > 

No Missing Codes Resolution (Diff. Linearity) 

11 



12 



Bits 

Inherent Quantization Error 

T M1N T max 


±1/2 





LSB 

Linearity Error: J, K Grades 



±1 



±1/2 

LSB 

S, T Grades 



±1 



±3/4 

LSB 

Full-Scale Calibration Error 








Without Initial Adjustment (1) : J, K Grades 



±0.47 



±0.37 

% of FS 

S, T Grades 



±0.75 



±0.5 

% of FS 

Adjusted to Zero at +25°C: J, K Grades 



±0.22 



±0.12 

% of FS 

S, T Grades 



±0.5 



±0.25 

% of FS 

No Missing Codes Resolution (Diff. Linearity) 

11 



12 



Bits 

TEMPERATURE COEFFICIENTS (T M|N to T MAX )< 3 > 
Unipolar Offset: J, K Grades 



±10 



±5 

ppm/°C 

S, T Grades 



±5 



±2.5 

ppm/°C 

Max Change: All Grades 



±2 



±1 

LSB 

Bipolar Offset: All Grades 



±10 



±5 

ppm/°C 

Max Change: J, K Grades 



±2 



±1 

LSB 

S, T Grades 



±4 



±2 

LSB 

Full-Scale Calibration: J, K Grades 



±45 



±25 

ppm/°C 

S, T Grades 



±50 



±25 

ppm/°C 

Max Change: J, K Grades 



±9 



±5 

LSB 

S, T Grades 



±20 



±10 

LSB 

POWER SUPPLY SENSITIVITY 

Change in Full-Scale Calibration 








+1 3.5V < V cc < +1 6.5V or +1 1 .4V < V cc < + 1 2.6V 



±2 



±1 

LSB 

-1 6.5V < V EE < -1 3.5V or -1 2.6V < V EE < - 1 1 .4V 



±2 



±1 

LSB 

+4.5V < V LOG|C < +5.5V 



±1/2 



* 

LSB 

CONVERSION TIME ' 4 > 

8-Bit Cycle 

10 

13 

17 

* 1 

* 

* 

ps 

12-Bit Cycle 

15 

20 

25 


• 

• 

ps 

| OUTPUTS | 

DIGITAL (DB ir DB 0 , STATUS) 








(Over Temperature Range) 








Output Codes: Unipolar 



Unipolar Straight Binary (USB) 




Bipolar 



Bipolar Offset Binary (BOB) 




Logic Levels: Logic 0 (l SINK = 1.6mA) 



+0.4 



* 

V 

Logic 1 (l S0URCE = 500pA) 

+2.4 



* 



V 

Leakage, Data Bits Only, High -Z State 

-5 

0.1 

+5 

* 

* 

* 

pA 

Capacitance 


5 



* 


PF 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = +25°C, V cc = +12V or +15V, V EE = -12V or -15V, V L0G|C = +5V unless otherwise specified. 



ADC574AJP, JH, SH 

ADC574AKP, KH, TH 


PARAMETERS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INTERNAL REFERENCE VOLTAGE 

Voltage 

+9.9 

+10.0 

+10.1 

* 


* 

V 

Source Current Available for External Loads (5) 

2.0 



* 




mA 

POWER SUPPLY REQUIREMENTS | 

Voltage: V cc 

+11.4 


+16.5 

* 


* 

V 

Vee 

-11.4 


-16.5 

* 


* 

V 

^LOGIC 

+4.5 


+5.5 

* 


* 

V 

Current: l cc 


3.5 

5 


* 

* 

mA 

■ee 


15 

20 


* 

* 

mA 

1 LOGIC 


9 

15 


* 

* 

mA 

Power Dissipation (±15V Supplies) 


325 

450 




mW 

TEMPERATURE RANGE (Ambient: T M(N , T MAX ) | 

Specifications: J, K Grades 

0 


+75 

* 


* 

°C 

S, T Grades 

-55 


+125 

* 


* 

°C 

Storage 

-65 


+150 

* 


* 

°C 


* Same specifications as ADC574AJP, AJH, ASH. 

NOTES: (1) With fixed 50£2 resistor from REF OUT to REF IN. This parameter is also adjustable to zero at ±25°C (see Optional External Full Scale and Offset 
Adjustments section). (2) FS in this specification table means Full Scale Range. That is, for a ±10V input range, FS means 20V; for a 0 to +10V range, FS means 
1 0V. The term Full Scale for these specifications instead of Full-Scale Range is used to be consistent with other vendors' 574 and 574A type specifications tables. 
(3) Using internal reference. (4) See Controlling the ADC574A section for detailed information concerning digital timing. (5) External loading must be constant during 
conversion. The reference output requires no buffer amplifier with either ±12V or ±15V power supplies. 


PIN CONFIGURATION 



Status 

DB1 1 (MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 
Digital Common 


n=n=«i 
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ABSOLUTE MAXIMUM RATINGS 


V cc to Digital Common 

V EE to Digital Common 

0V to +16.5V 

0 V to -16.5V 

0V to +7V 


+1V 

Control Inputs (CE, CS, A 0 , 12/8, R/C) 

to Digital Common 

Analog Inputs (Ref In, Bipolar Offset, 10V IN ) 

to Analog Common 

20V in to Analog Common 

Ref Out 

Max Junction Temperature 

Power Dissipation 

Lead Temperature (soldering, 10s) 

-0.5V to V LOGIC +0.5V 

+16.5V 

+24V 

Indefinite Short to Common, 
Momentary Short to V cc 

+165°C 

lOOOmW 

+300°C 

Thermal Resistance, 0 JA : Ceramic 

Plastic 

50°C/W 

100°C/W 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 


BURN-IN SCREENING 

Bum-in screening is available for both plastic and ceramic 
package ADC574s. Bum-in duration is 160 hours at the 
temperature (or equivalent combination of time and tem- 
perature) indicated below: 

Plastic “-BI” models: +85 °C 
Ceramic “-BI” models: +125°C 

All units are 100% electrically tested after bum-in is com- 
pleted. To order bum-in, add “-BI” to the base model 
number (e.g. ADC574AKP-BI). 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR MAX 

( T min T0 T max) 

ADC574AJP 

Plastic DIP 

0°C to +75°C 

±1 LSB 

ADC574AKP 

Plastic DIP 

0°C to +75°C 

±1/2LSB 

ADC574AJH 

Ceramic DIP 

0°C to +75°C 

±1 LSB 

ADC574AKH 

Ceramic DIP 

0°C to +75°C 

±1/2LSB 

ADC574ASH 

Ceramic DIP 

-55°C to +125°C 

±1 LSB 

ADC574ATH 

Ceramic DIP 

-55°C to +125°C 

±3/4LSB 

BURN-IN SCREENING OPTION 



See text for details. 






TEMPERATURE 

BURN-IN TEMP 

MODEL 

PACKAGE 

RANGE 

(160 Hours) 

ADC574AJP-BI 

Plastic DIP 

0°C to +75°C 

+85°C 

ADC574AKP-BI 

Plastic DIP 

0°C to +75°C 

+85°C 

ADC574AJH-BI 

Ceramic DIP 

0°C to +75°C 

+125°C 

ADC574AKH-BI 

Ceramic DIP 

0°C to +75°C 

+125°C 

ADC574ASH-BI 

Ceramic DIP 

-55°C to +125°C 

+125°C 

ADC574ATH-BI 

Ceramic DIP 

-55°C to +125°C 

+125°C 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC574AJP 

Plastic DIP 

215 

ADC574AKP 

Plastic DIP 

215 

ADC574AJH 

Ceramic DIP 

149 

ADC574AKH 

Ceramic DIP 

149 

ADC574ASH 

Ceramic DIP 

149 

ADC574ATH 

Ceramic DIP 

149 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or minus 
full scale for bipolar operation) and plus full scale. The zero 
value is located at an analog input value 1/2LSB before the 
first code transition (000 H to 001 H ). The full-scale value is 
located at an analog value 3/2LSB beyond the last code 
transition (FFE H to FFF H ) (see Figure 1). 



FIGURE 1 . ADC574A Transfer Characteristics Terminology. 


Thus, for a converter connected for biopolar operation and 
with a full-scale range (or span) of 20V (±10V), the zero 
value of -10V is 2.44mV below the first code transition 
(000 H to 001 H at -9.99756V) and the plus full-scale value of 
+10V is 7.32mV above the last code transition (FFE H to 
FFF h at +9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes requires 
that every code combination to appear in a monotonically- 
increasing sequence as the analog input is increased through- 


out the range. Thus, every input code width (quantum) must 
have a finite width. If an input quantum has a value of zero 
(a differential linearity error of -1LSB), a missing code will 
occur. 

ADC574AKP, KN, KH and TH grades are guaranteed to 
have no missing codes to 12-bit resolution over their respec- 
tive specification temperature ranges. 

UNIPOLAR OFFSET ERROR 

An ADC574A connected for unipolar operation has an 
analog input range of 0V to plus full scale. The first output* 
code transition should occur at an analog input value l/2l 
LSB above 0V. Unipolar offset error is defined as the! 
deviation of the actual transition value from the ideal value. 
The unipolar offset temperature coefficient specifies the 
change of this transition value versus a change in ambient 
temperature. 

BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined bipo- 
lar offset as the first transition value above the minus full- 
scale value. The ADC574A specification, however, follows 
the terminology defined for the 574 converter several years 
ago. Thus, bipolar offset is located near the midscale value 
of 0V (bipolar zero) at the output code transition 7FF H to 
80° h . 

Bipolar offset error for the ADC574A is defined as the 
deviation of the actual transition value from the ideal tran- 
sition value located 1/2LSB below 0V. The bipolar offset 
temperature coefficient specifies the maximum change of 
the code transition value versus a change in ambient tem- 
perature. 

FULL SCALE CALIBRATION ERROR 

The last output transiton (FFE H to FFF H ) occurs for an 
analog input value 3/2LSB below the nominal full-scale 
value. The full-scale calibration error is the deviation of the 
actual analog value at the last transition point from the ideal 
value. The full-scale calibration temperature coefficient speci- 
fies the maximum change of the code transition value versus 
a change in ambient temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC574A assume the 
application of the rated power supply voltages of +5V and 
±12V or ±15V. The major effect of power supply voltage 


BINARY (BIN) OUTPUT 

INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Input Voltage Range 

Defined as: 

±10V 

±5V 

0 to +10V 

0 to +20V 

One Least Significant Bit (LSB) 

FSR 

20V 

10V 

10V 

20V 


2" 

2" 

2" 

2" 

2" 


n = 8 

78.13mV 

39.06mV 

39.06mV 

78.1 3mV 


n =12 

4.88mV 

2.44mV 

2.44mV 

4.88mV 

Output Transition Values 

FFE h to fff h 

+Full-Scale Calibration 

+1 0V — 3/2LSB 

+5 - 3/2LSB 

+10V- 3/2LSB 

+10V — 3/2LSB 

7FF h to 800 h 

Midscale Calibration (Bipolar Offset) 

0 - 1/2LSB 

0 - 1/2LSB 

+5V - 1/2LSB 

±10V- 1/2LSB 


TABLE I. Input Voltages, Transition Values, and LSB Values. 

BURR -BROWN® 
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deviations from the rated values will be a small change in the 
full-scale calibration value. This change, of course, results in 
a proportional change in all code transition values (i.e. a 
gain error). The specification describes the maximum change 
in the full-scale calibration value from the initial value for a 
change in each power supply voltage. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, unipo- 
lar offset and bipolar offset specify the maximum change 
from the +25°C value to the value at T,.... or T... v 

MIN MAX. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantization 
error of 11/2LSB. This error is a fundamental property of the 
quantization process and cannot be eliminated. 

CODE WIDTH (QUANTUM) 

Code width, or quantum, is defined as the range of analog 
input values for which a given output code will occur. The 
ideal code width is 1LSB. 

INSTALLATION 

LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not con- 
nected together internally in the ADC574A, but should be 
connected together as close to the unit as possible and to an 
analog common ground plane beneath the converter on the 
component side of the board. In addition, a wide conductor 
pattern should run directly from pin 9 to the analog supply 
common, and a separate wide conductor pattern from pin 15 
to the digital supply common. Analog common (pin 9) 
typically carries +8mA. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and 15 should still be 
connected together at the converter; a single wide conductor 
pattern then connects these two pins to the system common. 
In either case, the common return of the analog input signal 
should be referenced to pin 9 of the ADC. This prevents any 
voltage drops that might occur in the power supply common 
returns from appearing in series with the input signal. 

Coupling between analog input and digital lines should be 
minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external full scale and offset potentiometers are used, the 
potentiometers and associated resistors should be located as 
close to the ADC574A as possible. If no trim adjustments 
are used, the fixed resistors should likewise be as close as 
possible. 

POWER SUPPLY DECOUPLING 

Logic and analog power supplies should be bypassed with 
lOpF tantalum-type capacitors located close to the converter 


to obtain noise-free operation. Noise on the power supply 
lines can degrade the converter’s performance. Noise and 
spikes from a switching power supply are especially 
troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to the 
ADC574A will be driving into a nominal DC input imped- 
ance of either 5kO or lOkQ. However, the output impedance 
of the driving source should be very low, such as the output 
impedance provided by a wideband, fast- settling operational 
amplifier. Transients in A/D input current are caused by the 
changes in output current of the internal D/A converter as it 
tests the various bits. The output voltage of the driving 
source must remain constant while furnishing these fast 
current changes. If the application requires a sample/hold, 
select a sample/hold with sufficient bandwidth to preserve 
the accuracy or use a separate wideband buffer amplifier to 
lower the output impedance. 

RANGE CONNECTIONS 

The ADC574A offers four standard input ranges: OV to 
+10V, OV to +20V, ±5V, and ±10V. If a 10V input range is 
required, the analog input signal should be connected to pin 
13 of the converter. A signal requiring a 20V range is 
connected to pin 14. In either case the other pin of the two 
is left unconnected. Full-scale and offset adjustments are 
described below. 

To operate the converter with a 10.24V (2.5mV LSB) or 
20.48V (5 mV LSB) input range, insert a 1200 1% metal- 
film resistor in series with pin 13 for the 10.24V range, or a 
240 £2 1% metal-film resistor in series with pin 14 for the 
20.48V range. Offset and gain adjustments are still perfomed 
as described below. However, you must recalculate full- 
scale adjustment voltages proportionately. A fixed metal- 
film resistor can be used because the input impedance of the 
ADC574A is trimmed to less than ±6% of the nominal 
value. 

CALIBRATION 

OPTIONAL EXTERNAL FULL-SCALE 
AND OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers connected 
to the ADC574A as shown in Figures 2 and 3 for unipolar 
and bipolar operation. 

CALIBRATION PROCEDURE — 

UNIPOLAR RANGES 

If adjustment of unipolar offset and full scale is not required, 
replace R 2 with a 500, 1% metal film resistor and connect 
pin 12 to pin 9, omitting the adjustment network. 

If adjustment is required, connect the converter as shown in 
Figure 2. Sweep the input through the end-point transition 
voltage (0V + 1/2LSB; +1.22mV for the 10V range, +2.44mV 
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+v cc 



for the 20V range) that causes the output code to be DBO ON 
(high). Adjust potentiometer R x until DBO is alternately 
toggling ON and OFF with all other bits OFF. Then adjust 
full scale by applying an input voltage of nominal full-scale 
value minus 3/2LSB, the value which should cause all bits 
to be ON. This value is +9.9963 V for the 10V range and 
+ 19.9927V for the 20V range. Adjust potentiometer R 2 until 
bits DB1-DB11 are ON and DBO is toggling ON and OFF. 

CALIBRATION PROCEDURE— BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset are 
not required, the potentiometers may be replaced by 500, 
1% metal film resistors. 

If adjustments are required, connect the converter as shown 
in Figure 3. The calibration procedure is similar to that 
described above for unipolar operation, except that the offset 
adjustment is performed with an input voltage which is 
1/2LSB above the minus full-scale value (-4.9988 V for the 
±5V range, -9.9976V for the ±10V range). Adjust R, for 



DBO to toggle ON and OFF with all other bits OFF. To 
adjust full-scale, apply a DC input signal which is 3/2LSB 
below the nominal plus full-scale value (+4.9963V for ±5V 
range, +9.9927 V for ±10V range) and adjust R 2 for DBO to 
toggle ON and OFF with all other bits ON. 

CONTROLLING THE ADC574A 

The Burr-Brown ADC574A can be easily interfaced to most 
microprocessor systems and other digital systems. The mi- 
croprocessor may take full control of each conversion, or the 
converter may_operate in a stand-alone mode, controlled 
only by the R/C input. Full control consists of selecting an 
8- or 12-bit conversion cycle, initiating the conversion, and 
reading the output data when ready — choosing either 12 bits 
all at once, or 8 bits followed by 4 bits in a left-justified 
format. The five control inputs (12/8, CS, A 0 , R/C, and CE) 
are all TTL/CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function truth 
table is listed in Table III. 


PIN 

DESIGNATION 

DEFINITION 

FUNCTION 

CE (Pin 6) 

Chip Enable 
(active high) 

Must be high (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a conversion. 

CS (Pin 3) 

Chip Select 
(active low) 

Must be low (“0”) to either initiate a conversion or read output data. 1-0 edge may be used to initiate a conversion. 

R/C(Pin 5) 

Read/Convert 
(“1” = read) 

(“0” = convert) 

Must be low (“0”) to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a conversion. 

Must be high (“1”) to read output data. 0-1 edge may be used to initiate a read operation. 

A 0 (Pin 4) 

Byte Address 

Short Cycle 

In the start-convert mode, A Q selects 8-bit (A 0 = “1”) or 12-bit (A 0 = "0") conversion mode. When reading output data 
in two 8-bit bytes, A 0 = “0” accesses 8 MSBs (high byte) and A 0 = “1” accesses 4 LSBs and trailing “0s” (low byte). 

12/8 (Pin 2) 

Data Mode Select 
(“1” = 12 bits) 

(“0” = 8 bits) 

When reading output data, 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0” will enable the MSBs 
or LSBs as determined by the A 0 line. 


TABLE II. ADC574A Control Line Functions. 
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CE 

CS 

R/C 

12/8 

A 0 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 


0 

0 

X 

0 

Initiate 12-bit convesion 


0 

0 

X 

1 

Initiate 8-bit conversion 

1 

* 

0 

X 

0 

Initiate 12-bit convesion 

1 


0 

X 

1 

Initiate 8-bit coversion 

1 

0 

4 

X 

0 

Initiate 12-bit convesion 

1 

0 

4 

X 

1 

Initiate 8-bit coversion 

1 

0 

1 

1 

X 

Enable 12-bit output 

1 

0 

1 

0 

0 

Enable 8 MSBs only 

1 

0 

1 

0 

1 

Enable 4 LSBs plus 

4 trailing zeros 


TABLE III. Control Input Truth Table. 


STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is accom- 
plished_by a single control line connected to R/C. In this 
mode CS and A 0 are connected to digital common and CE 
and 12/8 are connected to V L0GIC (+5V). The output data are 
presented as 12-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not 
require full bus interface capability. 

Conversion is initiated by a high-to-low transition of R/C. 
The three- state data output buffers are enabled when R/C is 
high and STATUS is low. Thus, there are two possible 
modes of operation; conversion can be initiated with either 
positive or negative pulses. In either case the R/C pulse must 
remain low for a minimum of 50ns. 

Figure 4 illustrates timing when conversion is initiated by an 
R/C pulse which goes low and returns to the high state 
during the conversion. In this case, the three-state outputs 
go to the high-impedance state in response to the falling 
edge of R/C and are enabled for external access of the data 
after completion of the conversion. Figure 5 illustrates the 
timing when conversion is initiated by a positive R/C pulse. 
In this mode the output data from the previous conversion is 
enabled during the positive portion of R/C. A new conver- 
sion is started on the falling edge of R/C, and the three-state 
outputs return to the high-impedance state until the next 
occurrence of a high R/C pulse. Table IV lists timing 
specifications for stand-alone operation. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Low R/C Pulse Width 

50 



ns 


STS Delay from R/C 



200 

ns 

fiDR 

Data Valid After R/C Low 

25 



ns 

^HS 

STS Delay After Data Valid 

300 

400 

1000 

ns 

^HRH 

High R/C Pulse Width 

150 



ns 

*DDR 

Data Access Time 



150 

ns 


TABLE IV. Stand-Alone Mode Timing. 


FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the state 
of the A 0 input, which is latched upon receipt of a conver- 
sion start transition (described below). If A Q is latched high, 
the conversion continues for 8 bits. The full 12-bit conver- 
sion will occur if A Q is low. If all 12 bits are read following 



FIGURE 4. R/C Pulse Low — Outputs Enabled After Con- 
version. 
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FIGURE 5. R/C Pulse High — Outputs Enabled Only While 
R/C Is High. 


an 8-bit conversion, the 3LSBs (DB0-DB2) will be low 
(logic 0) and DB3 will be high (logic 1). A 0 is latched 
because it is also involved in enabling the output buffers. No 
other control inputs are latched. 

CONVERSION START 

The converter is commanded to initiate a conversion by a 
transition occuring on any of three logic inputs (CE, CS, and 
R/C) as shown in Table III. Conversion is initiated by the 
last of the three to reach the required state and thus all three 
may be dynamically controlled. If necessary, all three may 
change states simultaneously, and the nominal delay time is 
the same regardless of which input actually starts conver- 
sion. If it is desired that a particular input establish the actual 
start of conversion, the other two should be stable a mini- 
mum of 50ns prior to the transition of that input. Timing 
relationships for start of conversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
Table V. 

The STATUS output indicates the current state of the con- 
verter by being in a high state only during conversion. 
During this time the three state output buffers remain in a 
high-impedance state, and therefore data cannot be read 
during conversion. During this period additional transitions 
of the three digital inputs which control conversion will be 
ignored, so that conversion cannot be prematurely termi- 
nated or restarted. However, if A Q changes state after the 
beginning of conversion, any additional start conversion 
transition will latch the new state of A 0 , possibly resulting in 
an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 
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SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Convert Mode 







STS Delay from CE 


60 

200 

ns 

VeC 

CE Pulse Width 

50 

30 


ns 


CS to CE Setup time 

50 

20 


ns 

Vise 

CS low during CE high 

50 

20 


ns 

Vrc 

R/C to CE setup 

50 

0 


ns 


R/C low during CE high 

50 

20 


ns 

Vac 

A 0 to CE setup 

0 



ns 

Vac 

A 0 valid during CE high 

50 

20 


ns 

V 

Conversion time, 12-bit cycle 

15 

20 

25 

ps 


8-bit cycle 

10 

13 

17 

ps 

Read Mode 






Vd 

Access time from CE 


75 

150 

ns 

Vd 

Data valid after CE low 

25 

35 


ns 

Vl 

Output float delay 


100 

150 

ns 

VsR 

CSto CE setup 

50 

0 


ns 

Vrr 

R/C to CE setup 

0 



ns 

Var 

A n to CE setup 

50 

25 


ns 

VsR 

CS valid after CE low 

0 



ns 

Vrr 

R/C high after CE low 

0 



ns 

Var 

A 0 valid after CE low 

50 



ns 

Vs 

STS delay after data valid 

300 

400 

1000 

ns 

NOTE: Specifications are at +25°C and measured at 50% level of transitions. 


TABLE V. Timing Specifications. 




READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: R/C high, STATUS low, 
CE high, and CS low. Upon satisfaction of these conditions 
the data lines are enabled according to the state of inputs 

12/8 and A Q . See Figure 7 and Table V for timing relation- 
ships and specifications. 

In most applications the 12/8 input will be hard-wired in 
either the high or low condition, although it is fully TTL- 
and CMOS-compatible and may be actively driven if de- 


sired. When 12/8 is high, all 12 output lines (DB0-DB11) 
are enabled simultaneously for full data word transfer to a 
12-bit or 16-bit bus. In this situation the A 0 state is ignored. 

When 12/8 is low, the data is presented in the form of two 
8-bit bytes, with selection of the byte of interest accom- 
plished by the state of A 0 during the read cycle. Connection 
of the ADC574A to an 8-bit bus for transfer of left-justified 
data is illustrated in Figure 8. The A Q input is usually driven 
by the least significant bit of the address bus, allowing 
storage of the output data word in two consecutive memory 
locations. 


mm 
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When A 0 is low, the byte addressed contains the 8MSBs. 

When A 0 is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
have been forced by the control logic. The left-justified 
formats of the two 8 -bit bytes are shown in Figure 8. The 
design of the ADC574A guarantees that the A 0 input may be 
toggled at any time with no damage to the converter; the 
outputs which are tied together as illustrated in Figure 9 
cannot be enabled at the same time. 

In the majority of applications the read operation will be 
attempted only after the conversion is complete and the 
STATUS output has gone low. In those situations requiring 
the earliest possible access to the data, the read may be 
started as much as 1.15|is (t DD max + t HS min) before STA- 
TUS goes low. Refer to Figure 7 for these timing relation- 
ships. 



FIGURE 9. Connection to an 8-Bit Bus. 
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ADC601 


ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-867. 


12-Bit 900ns 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• FAST CONVERSION: 900ns 

• CAN BE SHORT-CYCLED 

• INPUT RANGES: ±5V,±10V,0 to -10V 

• HIGH SIGNAL/NOISE RATIO: 68dB 

• LOW IMD: 75dB 

• PARALLEL AND SERIAL OUTPUT 

• 32-PIN CERAMIC DIP PACKAGE 


APPLICATIONS 

• DIGITAL SIGNAL PROCESSING 

• HIGH-SPEED DATA ACQUISITION 
SYSTEMS 

• MEDICAL INSTRUMENTATION 

• ANALYTICAL INSTRUMENTATION 

• TEST AND IMAGING SYSTEMS 

• WAVEFORM ANALYZERS 


DESCRIPTION 

The ADC601 is a high-speed Duolithic™ (two chips) 
successive approximation analog-to-digital converter. 
This unique two-chip design utilizes a bipolar technol- 
ogy with on-chip thin film resistors to preserve analog 
accuracy and a high-speed CMOS chip to perform 
digital logic control. Outstanding linearity, noise, and 
dynamic range are achieved by this converter design. 
The ADC601 has been tested with several sample/hold 
amplifiers and distortion results are documented in this 
data sheet. 

The ADC601 is complete with internal reference, clock, 
and comparator and is packaged in a 32-pin ceramic 
DIP. Conversion time is set at the factory to 900ns. 
Serial and parallel output performance is guaranteed 


with no missing codes over the full input voltage, 
power supply, and operating temperature range. The 
gain and offset errors are laser trimmed to specifica- 
tion. Optionally they may be externally adjusted to 
zero. 

Internal scaling resistors are provided for the selection 
of analog signal input ranges of ±5V, ±10V and 0V to 
-10V. The ADC601’s input is specifically designed to 
be easily driven with minimal disturbance to the driv- 
ing amplifier. 

Output codes are available in complementary binary 
for unipolar inputs and bipolar offset binary for bipolar 
inputs. 

All digital inputs and outputs are TTL-compatible. 
Power supply requirements are ±15V and +5V. 


Input 
Range Select 


12-Bit 

Successive Approx 
Register (SAR) 


Convert 

Command 


Clock Rate Control 
Clock Out 
Status 
Serial Out 


Duolithic™ Burr-Brown Corporation 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

T CA se " +25°C, 900ns conversion time, ±V CC = ±15V, +V DD = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 




ADC601JG 

ADC601KG 


PARAMETER 

CONDITIONS 



122 

MIN 

TYP 

MAX 



UNITS 

RESOLUTION 





12 



* 

Bits 

ANALOG CHARACTERISTICS | 

INPUTS 









Voltage Ranges: Bipolar 

Full Scale(FSR) <1)(2) 


±5, ±10 



* 


V 

Unipolar 

Full Scale(FSR) (1)(2) 


Oto -10 



* 


V 

Impedance: -1 0V to 0V, ±5V 



1.4 



* 


kO 

+10V 



2.4 



* 


kQ 

TRANSFER CHARACTERISTICS | 

ACCURACY 









Gain Error* 3 * 

990ns Conversion Time 


±0.08 

±0.55 


* 

±0.2 

% 

Input Offset Error (3) : Unipolar 

990ns Conversion Time 


±0.12 

±1.2 


* 

±0.5 

% of FSR 

Bipolar 

990ns Conversion Time 


±0.08 

±0.8 


* 

±0.25 

% of FSR 

Integral Linearity Error 

990ns Conversion Time 



±0.024 



±0.012 

% of FSR 

Differential Linearity Error 

990ns Conversion Time 



±0.024 



±0.012 

% of FSR 

No Missing Codes 

Power Supply Rejection of Offset and Gain 

A +V CC = ±5% 


±0.0036 

Guarj 

nteed 

* 


%FSR/%V CC 


A-V cc = ±5% 


±0.0005 



* 


%FSR/%V CC 


A+V dd = ±5% 


±0.001 




* 

%fsr/%v dd 

DIGITAL CHARACTERISTICS 

INPUT 









Logic Family 



TTL-Compatib 

CD 

o 

O 

(f) 




Convert Command Logic Voltages 

Logic Low 

0 


+0.8 

* 


* 

V 


Logic High 

+2 


+v DD 

* 


* 

V 

Convert Command Currents 

Logic Low 



-150 




pA 


Logic High 



-150 




pA 

Convert Command 



High 

Level Wh 

en Conve 

rting 



CONVERSION TIME 









Factory Set 

Without User Adjustment 


0.9 

1 


* 

* 

ps 

Power Supply Rejection of Conversion Time 

D +V DD = ±5% 


±1 





ns/%V DD 

OUTPUT 









Logic Family 



TTL-Compatible CMOS 




Bits 1 through 12, Serial, Status, Clock Out 

Logic Low, l 0L = 3.2mA 


+0.1 

+0.4 


* 

* 

V 


Logic High, l 0H = -1mA 

+2.7 

+4.9 


* 

* 

* 

V 

Internal Clock Frequency 



13 



* 


MHz 

Status 



Low Level When Data Valid 

1 . _ 1 1 



DYNAMIC CHARACTERISTICS < 4 >< 5 >< 6 > Tested using Sample/Hold Amplifier SHC804 and ADC601 (See Typical Performance Curves) j 

Differential Linearity Error 

f c = 1 0kHz : 68.3% of All Codes 


0.5 



0.4 


LSB 


99.7% of All Codes 


0.8 



0.6 


LSB 


100% of All Codes 


1.0 



0.7 


LSB 

Total Harmonic Distortion 

f c = 10kHz, f s = 500kHz 


-70 



* 


dBc 


f c = 10kHz, f s = 1 MHz 


-74 



* 


dBc 


f c = 250kHz, f s = 500kHz 


-70 



* 


dBc 


f c = 500kHz, f s = 1MHz 


-68 



* 


dBc 

Two-Tone Intermodulation Distortion* 7 * 

f c = 1 1 kHz and 1 5kHz, f s = 500kHz 


-79 



* ' 


dBc 


f c = 50kHz and 55kHz, f s = 500kHz 


-78 



* 


dBc 


f c = 90kHz and 1 10kHz, f s = 500kHz 


-77 



* 


dBc 

Signal-to-Noise and Distortion 

f c = 250kHz, f s = 500kHz 


66 



* 


dB 

(SINAD) Ratio 

f c = 500kHz, f s = 1 MHz 


65 



* 


dB 

Signal-to-Noise Ratio (SNR) 

f c = 250kHz, f s = 500kHz 


68 



* 


dB 


f r = 500kHz, f_ = 1MHz 

C 8 


67 





dB 

PERFORMANCE OVER TEMPERATURE | 

Gain 

T min t0 T max 


±10 

±30 


* 

* 

ppm of FSR/°C 

Input Offset: Unipolar 

T M,N tO T MAX 


±2 

±7 


* 

* 

ppm of FSR/°C 

Bipolar 



±3 

±10 


* 

* 

ppm of FSR/°C 

Internal Linearity Error 

0.9ps Conversion Time T MIN to T MAX 


±0.02 



±0.015 


% of FSR 

Differential Linearity Error 

0.9ps Conversion Time T M1N to T MAX 


±0.02 



±0.015 


% of FSR 

No Missing Codes 

0.9ps Conversion Time T MIN to T MAX . 



Guaranteed 




Conversion Drift 



2 






ns/°C 


BURR - BROWN® 


2.34 


Burr-Brown IC Data Book — Data Conversion Products 











Or, Call Customer Service at 1-800-548-6132 ( USA Only) 

SPECIFICATIONS (CONT) 


ELECTRICAL 

T case = +25°C, 900ns conversion time, ±V CC = ±15V, +V DD = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 




ADC601JG 

ADC601KG 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 




UNITS 

POWER SUPPLY REQUIREMENTS 









Supply Voltages: +V CC 


+14.25 

+15 

+15.75 

* 

* 

* 

V 

-V cc 


-14.25 

-15 

-15.75 

* 

* 

* 

V 

+V DD 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

Supply Currents: +l cc 



5.4 

7.0 


* 

* 

mA 

-l cc 



-65 

-84.5 


* 

* 

mA 

+ , DD 



53 

68.9 


* 

* 

mA 

Power Consumption 

Nominal ±V cc and +V 0D 


1.3 

1.7 


* 

* 

W 

Thermal Resistance, 0 JC 



25 



* 

* 

°C/W 

TEMPERATURE RANGE 8 ' 









Specification 


0 


+70 

* 


* 

°C 

Operating 


-25 


+85 




°C 


* Same specifications as for ADC601 JG. 

NOTES: (1 ) Over or under range on the analog input results in constant maximum or minimum digital output. (2) FSR = Full Scale Range. (3) Adjustable to zero. 
(4) Dynamic tests are performed using SHC804 with ADC601 unless otherwise specified. Performance may vary depending upon choice of sample/hold. (5) SeeTypical 
Performance Curves. (6) dBc = level referred to carrier input signal = OdB; f c = input frequency; f s = sampling frequency. (7) IMD is referred to the larger of the two 
input test signals. If referred to the peak envelope signal (~0dB), the intermodulation products will be 6dB lower. For example, unit connected for ±1 0V has 20V FSR. 
(8) Temperature ranges refer to case temperature. Thermal resistance was measured on a small (5" diameter) handwired circuit board; with the test device in a (zero 
insertion force) socket. Thermal resistance will be lower if the ADC601 is soldered into the PC board, a ground plane is used directly underneath the package, multiple 
PC board layers are used, or forced air cooling is employed. Use heat sinking if necessary to keep the case at specified and operating temperatures. 


ABSOLUTE MAXIMUM RATINGS 


+v cc 

+v DD 

+18V 

+7V 

Digital Inputs 

+5.5V 


+v 

Comparator Input 

-3.7V to +0.7V 

Case Temperature 

+125°C 

Junction Temperature 

+165°C 

Storage Temperature 

-65°C to +150°C 

Stresses above these ratings may permanently damage the device. j 


ORDERING INFORMATION 


ADC601 ( ) G 

Basic Model Number J T 

Performance Grade Code ' 

J, K: 0°C to +70°C Case Temperature 

Package Code 

G: Ceramic DIP 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC601JG 

ADC601KG 

32-Pin Hermetic DIP 
32-Pin Hermetic DIP 

172-2 

172-2 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS 











For Immediate Assistance, Contact Your Local Salesperson 


PIN CONFIGURATION 



Common (Analog) 
NC (1) 

— Vq C (— 1 5 V) Analog 
Bipolar Offset Current 
Common (Analog) 
Ground Sense 
Comparator Input 
10V Input 
20V Input 

-V cc (-15V) Analog 
+V DD (+5V) Digital® 
Common (Digital) 
+V CC (+15V) Analog 
Clock Rate Control 
Convert Command 
Clock Out 


(1) NC = No internal connection. Any voltage may be connected to pin 31 , however. 

(2) Pin 22 must be very cleanly decoupled to keep digital noise out of the analog circuits. 


PIN DEFINITIONS 


PIN NUMBER 

DESIGNATION 

DESCRIPTION 

1-6 and 11-16 

Bit 1 to Bit 12 

12-bit parallel output data capable of sinking 3.2mA. 

9 

Serial Out 

1 2-bit serial data output synchronized with the negative edge of each appropriate clock cycle. 

10 

Status 

Conversion status strobe is high during data conversion; low when parallel data is valid. Negative edge may 
be used to latch parallel data, however, appropriate latch set-up time must be provided. Refer to t BBL in the 
ADC601 timing diagram. 

17 

Clock Out 

Negative edge indicates when serial data is valid. After convert command goes high, fist cycle clocks bit 1 
(MSB). The clock continues to run when convert command is high and resets low with convert command. 

18 

Convert Command 

High transition starts conversion; and should remain high during conversion. Low will reset clock and SAR 
logic. 

19 

Clock Rate Control 

May be used to increase clock speed, by increasing the positive portion of the clock. High is normal operation. 

24 

20V Input 

20V input range allows ±10Vp-p analog input signal. Short to ground when not used. 

25 

10V Input 

1 0V input range allows 0 to -1 0 Vp-p or ±5Vp-p input range. 

26 

Comparator In 

Only used in bipolar mode when it is connected to bipolar offset pin through short lead with low resistance. 

27 

Ground Sense 

Ground Sense pin. (See text for use). 

29 

Bipolar Offset Current 

Bipolar offset current short to comparator In through very short lead with very low resistance for bipolar 
operation. Short to ground for unipolar operation. 
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12-Bit 10MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES APPLICATIONS 

• HIGH SPURIOUS-FREE DYNAMIC RANGE • DIGITAL SIGNAL PROCESSING 

• SAMPLE RATE: DC to 10MHz • RADAR SIGNAL ANALYSIS 

• HIGH SIGNAL/NOISE RATIO: 68.2dB • TRANSIENT SIGNAL RECORDING 

• HIGH SINAD RATIO: 66dB • FFT SPECTRUM ANALYSIS 

• LOW HARMONIC DISTORTION: -69.6dBc • HIGH-SPEED DATA ACQUISITION 

• LOW INTERMOD. DISTORTION: -77.7dBc • IR IMAGING SYSTEMS 

• COMPLETE SUBSYSTEM: Contains • DIGITAL RECEIVERS 

Sample/Hold and Reference • SIGINT, ECM, AND EW SYSTEMS 

• 46-PIN DIP PACKAGE * DIGITAL OSCILLOSCOPES 

• 0°C TO +70°C AND -55°C TO +100°C 


DESCRIPTION 

The ADC603 is an high performance analog-to-digital The ADC603 is a two-step subranging ADC sub- 
converter capable of digitizing signals at any rate from system containing an ADC, sample/hold amplifier, 

DC to 10 megasamples per second. Outstanding spu- voltage reference, timing, and error-correction cir- 

rious-free dynamic range has been achieved by mini- cuitry in a 46-pin hybrid DIP package. Logic is TTL. 

mizing noise and distortion. Two temperature ranges are available: 0°C to +70°C 

(JH, KH) and -55 °C to +100°C, environmentally 
screened (SHQ). 



International Airport Industrial Park * Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS 











For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS 

ELECTRICAL 

T c = +25°C, 10MHz sampling rate, R s = 50Q, ±V CC = ±15V, +V DD1 = +5V, -V DD2 = -5.2V, and 15-minute warmup in convection environment, unless otherwise noted. 




ADC603JH 

ADC603KH 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 


_ 

12 

Bits 

j INPUTS | 

ANALOG 

Input Range 

Full Scale 

-1.25 


+1.25 

* 


* 

V 

Input Impedance 



1.5 



* 


MQ 

Input Capacitance 



5 



* 


pF 

DIGITAL 









Logic Family 




TTL Compatible 




Convert Command 

Start Conversion 



Positive Edge 




Pulse Width 

t = Conversion Period 

10 

_ . . 

t — 20 

. * 



* 

ns 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 

f = 200Hz 


±0.2 

1 


±0.1 

0.8 

%FSR (1> 

Input Offset 

DC 


±0.2 

0.75 


* 

0.5 

%FSR 

Integral Linearity Error 

f = 200Hz 


0.75 



0.5 

1 

LSB 

Differential Linearity Error 

f = 200Hz: 68.3% of all Codes 


0.3 



0.25 

0.5 

LSB 


99.7% of all Codes 


0.4 



0.3 

0.65 

LSB 


100% of all Codes 


0.5 

1 


0.4 

0.75 

LSB 

No Missing Codes 


Guaranteed 


Guaranteed 


Power Supply Rejection 

A +V CC = ±10% 


±0.03 



* 

±0.07 

%FSR/% 


A-V cc = ±10% 


±0.04 



* 

±0.07 

%FSR/% 


a+v dd1 =±io% 


±0.004 



* 

±0.03 

%FSR/% 


a-v DD2 =±io% 


±0.01 



* 

±0.03 

%FSR/% 

CONVERSION CHARACTERISTICS 

Sample Rate 


DC 


10M 

DC 


10M 

Samples/s 

Pipeline Delay 

Logic Selectable 


1 , 2 or 3 Convert Command Periods 



DYNAMIC CHARACTERISTICS | 

Differential Linearity Error 

f = 4.9MHz: 68.3% of all Codes 


0,3 



* 


LSB 


99.7% of all Codes 


0.75 



0.5 


LSB 


100% of all Codes 


1 

1.25 


0.6 

0.9 

LSB 

Spurious Free Dynamic Range 
f = 5MHz (-0.5dB) 

Total Harmonic Distortion< 2 >(THD) 

f s = 9.99MHz 

63 

72 


66 

74 


dB 

f = 5MHz (-0.5dB) 

f s = 9.99MHz 


-68 

-61 


-69 

-64 

dBc (3) 

f= 100kHz 



-70 

-65 


-72 

-68 

dBc 

Two-Tone Intermodulation Distortion (2)(4) 









f = 2.2MHz (-6.5dB) 
f = 2.5MHz (-6.5dB) 

f s = 8.006MHz 


-75 

-67 


-7 

-71 

dBc 

Signal-to-Noise and Distortion (SINAD) Ratio 








f = 5MHz (-0.5dB) 

f s = 9.99MHz 

60 

65 


62 

66 


dB 

f= 100kHz (-0.5dB) 

Signal-to-Noise Ratio (SNR) 


64 

67 


66 

68.5 


dB 

f = 5MHz (-0.5dB) 

f s = 9.99MHz 

63 

67 


66 

68 


dB 

f = 100kHz (-0.5dB) 


66 

68 


67 

70 


dB 

Aperture Delay Time 



-5 



* 

+9 

ns 

Aperture Jitter 

Analog Input Bandwidth (-3dB) 



9 




20 

ps rms 

Small Signal 

-20dB Input 


70 


50 



MHz 

Full Power 

OdB Input 


40 


30 

* 


MHz 

Overload Recovery Time 

2x Full-Scale Input 


80 



* 

140 

ns 

OUTPUTS 









Logic Family 




TTL Compatible 




Logic Coding 

Logic Selectable 

Two's Complement or Inverted Two's Complement 


Logic Levels 

Logic LO, l 0L = -3.2mA 

0 

+0.3 

+0.8 

0 

+0.3 

+0.5 

V 


Logic HI, l 0H = 160|iA 

+2.4 

+3.5 

+5 

+2.4 

+3.5 

+5 

V 

EOC Delay Time 

Data Out to DV 

5 

35 


5 

35 


ns 

Tri-State Enable/Disable Time 

l 0L = -6.4mA, 50% In to 50% Out 


37 

100 


37 

100 

ns 

Data Valid Pulse Width 

20 

45 

60 

20 

45 

60 

ns 

POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

+14.25 

+15 

+15.75 

V 

-V cc 


-14.25 

-15 

-15.75 

-14.25 

-15 

-15.75 

V 

+ V DD1 


+4.75 

+5 

+5.25 

+4.75 

+5 

+5.25 

V 

— V D d2 


-4.95 

-5.2 

-5.46 

-4.95 

-5.2 

-5.46 

V 

Supply Currents: +l cc 

Operating 


+60 



+60 

+80 

mA 

"'cc 



-60 



-60 

-80 

mA 

+ I DD1 



+280 



+280 

+330 

mA 




-565 



-565 

-630 

mA 

Power Consumption 

Operating 


6.1 



6.1 


W 
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SPECIFICATIONS 

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 


±V CC = +15V, +V DD1 = +5V, -V DD2 = -5.2V, R s = 50Q, 15-minute warmup, and T c = T MIN to T MAX , unless otherwise noted. 




ADC603JH 

ADC603KH 


PARAMETER 

CONDITIONS 

MIN 

TYP 


w 

TYP 

w* 2 1 

UNITS 

TEMPERATURE RANGE 

Specification 

^CASE 

0 


+70 

* 


* 

°C 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 

f = 200Hz 


±0.4 

1.5 


* 

i 

%FSR 

Input Offset 

DC 


±0.4 

1 


* 

0.5 

%FSR 

Integral Linear Error 

f = 200Hz 


0.75 



0.6 

1.25 

LSB 1 

Differential Linearity Error 

f = 200Hz: 68.3% of all Codes 


0.4 



0.3 

0.6 

LSB 1 


99.7% of all Codes 


0.5 



0.4 

0.75 

LSB 


100% of all Codes 


0.75 



0.6 

1 

LSB 

No Missing Codes 



guaranteed 


Guaranteed 


Power Supply Rejection 

A +V CC = ±10% 


±0.04 



* 

±0.08 

%FSR/% 


> 

i+ 

o 


±0.05 



* 

±0.08 

%FSR/% 


a+v dd1 =±io% 


±0.004 



* 

±0.05 

%FSR/% 


a-v DD2 =±io% 


±0.02 



* 

±0.05 

%FSR/% 

CONVERSION CHARACTERISTICS 

Sample Rate 


DC 


10M 

DC 


10M 

Samples/s 

DYNAMIC CHARACTERISTICS | 

Differential Linearity Error 

f = 4.9MHz: 68.3% of all Codes 


0.5 



0.4 


LSB 


99.7% of all Codes 


1 



0.6 


LSB 


1 00% of all Codes 


1.25 

1.5 


0.7 

1 

LSB 

Spurious Free Dynamic Range (5) 

Total Harmonic Distortion' 2 ’ 

f = 5MHz (-0.5dB) 

60 

65 


65 

72 


dB 

f = 5MHz (-0.5dB) 

f s = 9.99MHz 


-67 

-58 


-69 

-62 

dBc 

f = 100kHz 



-69 

-62 


-69.5 

-67 

dBc 

Two-Tone Intermodulation Distortion 









f = 2.2MHz (-6.5dB) 
f = 2.5MHz (-6.5dB) 

f s = 8.006MHz 


-72 

-64 


-74.5 

-68 

dBc 

Signal-to-Noise and Distortion 









(SINAD) Ratio 









f = 5MHz (-0.5dB) 

f s = 9.99MHz 

57 

65 


61 

65.5 


dB 

f = 100kHz (-0.5dB) 

Signal-to-Noise Ratio (SNR) 


62 

66 


64 

66.5 


dB 

f = 5MHz (-0.5dB) 

f s = 9.99MHz 

60 

67 


64 

68 


dB 

f = 100kHz (-0.5dB) 


64 

68 


66 

69.5 


dB 

Aperture Delay Time 



-6 



* 

+10 

ns 

Aperture Jitter 

Analog Input Bandwidth (-3dB) 



10 




20 

ps rms 

Small Signal 

-20dB Input 


70 


50 

* 


MHz 

Full Power 

OdB Input 


40 


30 

* 


MHz 

Overload Recovery Time 

2x Full-Scale Input 


80 



* 


ns 

OUTPUTS 

Logic Levels 

Logic LO, l OL = -3.2mA 

0 

+0.3 

+0.8 

* 


+0.5 

V 


Logic HI, l 0H = 160pA 

+2.4 

+3.5 

+5 

* 

* 

* 

V 

EOC Delay Time 

Data Out to DV 

5 

35 


* 

* 


ns 

Tri-State Enable/Disable Time 

l 0L = -6.4mA, 50% In to 50% Out 


42 

100 


* 

* 

ns 

Data Valid Pulse Width 


20 

45 

60 

* 

* 

* 

ns 

POWER SUPPLY REQUIREMENTS j 

Supply Currents: +l cc 

Operating 


+65 



* 

+80 

mA 




-61 



* 

-80 

mA 

+ 1 (6) 



+285 



* 

+333 

mA 

-1 < 7 > 



-570 



* 

-630 

mA 

Power Consumption 

Operating 


6.1 



* 


W 


* Same specifications as ADC603JH. 


NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with tested and guaranteed distortion specifications are available on special order — inquire. (3) dBC = level 
referred to carrier-input signal = 0dB); F = input frequency; F s = sampling frequency. (4) IMD is referred to the larger of the two input test signals. If referred to the 
peak envelope signal (=0dB), the intermodulation products will be 6dB lower. (5) SFDR tested at temperature for K grade only. (6) Pins 3 and 30 (analog) typically draw 
80% of the total +5V current. Pin 21 (digital) typically draws 20%. (7) Pin 6 (analog) typically draws 45% of the total -5.2V current. Pin 31 (digital) typically draws 55%. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS 







For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS 


ELECTRICAL 

±V CC = ±15V, +V DD1 = +5V, -V DD2 = -5.2V, R s = 500, 15-minute warmup F s = 10MHz (-55°C to +85°C), F s = 8MHz (+85°C to +100°C). 




ADC603SHQ 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TEMPERATURE RANGED 

^CASE 

-55 


+100 

C° 

RESOLUTION 




12 

Bits 

ANALOG 






Input Range 


-1.25 


+1.25 

V 

Input Resistance 


1.5 



M Q. 

Input Capacitance 


5 



PF 

DIGITAL 






Logic Family 



TTL Compatible 



Convert Command 

Start Conversion 


Positive Edge 



Pulse Width 

t = conversion period 

10 ! 

1 

20 

ns 

TRANSFER CHARACTERISTICS | 

ACCURACY 






Gain Error 

DC 



1.0 

%FSR (1) 

Input Offset 

DC 



1.0 

%FSR 

Integral Nonlinearity 

f = 100kHz 


0.75 


LSB 

Differential Nonlinearity 

f = 1 0OKHz, all codes 


0.6 

1.0 

LSB 

No Missing Codes 



Guaranteed 



Power Supply Rejection 

A + V cc = ±10% 

-0.1 


0.1 

%FSR% 


A — V cc = ±1 0% 

-0.1 


0.1 

%FSR% 


A + V QD = ±1 0% 

-0.05 


0.05 

%FSR% 


A ~ V DD - ±1 0% 

-0.05 


0.05 

%FSR% 

CONVERSION CHARACTERISTICS 






Sample Rate 

-55°C < T c < +85°C 

DC 


10M 

Samples/s 


+85°C<T c <+100°C 

DC 


8M 

Samples/s 

dynamic characteristics 






Differential Nonlinearity 

f = 4.9MHz: All Codes 


0.6 

1.0 

LSB 

Spurious Free Dynamic Range 

f = 5.0MHz (-0.5dB) 

65 

72 


dBc 

Total Harmonic Distortion* 2 ’ 

f = 5.0MHz (-0.5dB) 


-68 

-63 

dBc 


f= 100kHz (-0.5dB) 


-73 

-68 

dBc 

2-Tone Intermodulation Distortion* 3 ’ 






f, = 2.2MHz (-6.5dB) 



-74 

-70 


f 2 = 2.3MHz (— 6.5dB) 





dBc 

Signal-to-Noise and Distortion 

f = 5.0MHz (-0.5dB) 

63 

65 


dB 

(SINAD ratio) 

f= 100kHz (-0.5dB) 

67 

69 


dB 

Signal-to-Noise Ratio (SNR) 

f = 5.0MHz (-0.5dB) 

65 

68 


dB 


f = 100kHz (-0.5dB) 

66 

69 


dB 

Aperture Delay Time 




10 

ns 

Aperture Jitter 




10 

ps rms 

Analog Input Bandwidth (-3dB) 






Small Signal 

-20dB Input 


70 


MHz 

Full Power 

OdB Input 


40 


MHz 

Overload Recovery Time 

2 x Full Scale Input 



140 

ns 

OUTPUTS 






Logic Family 



TTL Compatible 



Logic Coding 

Logic Selectable 

Two’s Complement or Inverted Two’s Complement 


Logic Levels 

Logic LO, l QL , = -3.2mA 

0 

+0.3 

+0.5 

V 


Logic HI, l OH = 160|iA 

+2.4 

+3.5 

+5 

V 

EOC Delay Time 

Data Out to DV 

5 

35 


ns 

Tri-State Enable/Disable Time 

l OL = -6.4mA, 50% In to 50% Out 


42 

100 

ns 

Data Valid Pulse Width 


20 

45 

60 

ns 

power supply requrements 1 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

V 

- V cc 


-14.25 

-15 

-15.75 

V 

+ V DD1 


+4.75 

+5 

+5.25 

V 

“ V 0D2 


-4.95 

-5.2 

-5.46 

V 

Supply Currents: +l cc 

Operating 


+60 

+80 

mA 

-Ice 



-60 

-80 

mA 

+ , DD1 



+280 

+333 

mA 




-565 

-630 

mA 

Power Consumption 

Operating 


6.1 


W 


NOTE: (1 ) FSR: Full-Scale Range = 2.5Vp-p. (2) dBc = level referred to carrier-input signal * OdB; f = input frequency; F s = sampling frequency. (3) IMD is referred to 
the larger of the two input test signals. If referred to the peak envelope signal (=0dB), the intermodulation products will be 6dB lower. (4) Temperature is specified as 
-55°C ambient, +1 00°C case. 
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PIN ASSIGNMENTS 


Or, Call Customer Service al 1-800-548-6132 (USA Only) 

ORDERING INFORMATION 


1 

Common (Case) 

46 

Common (Analog) 

2 

NC 

45 

Analog Signal In 

3 

+v ddi ( +5V * Analog 

44 

+V CC (+15V) Analog 

4 

S/H Out 

43 

-V cc (-15V) Analog 

5 

A/D In 

42 

NC 

6 

-V DD2 (-5.2V) Analog 

41 

NC 

7 

NC 

40 

NC 

8 

NC 

39 

DNC 

9 

Bit 1 (MSB) 

38 

DNC 

10 

Bit 2 

37 

Gain Adjust 

11 

Bit 3 

36 

Offset Adjust 

12 

Bit 4 

35 

Common (Analog) 

13 

Bit 5 

34 

+V CC (+15V) Analog 

14 

Bit 6 

33 

-V cc (-15V) Analog 

15 

Bit 7 

32 

Common (Analog) 

16 

Bit 8 

31 

-V DD2 (-5.2V) Digital 

17 

Bit 9 

30 

+V DD1 (+5V) Analog 

18 

Bit 10 

29 

1 Pipeline Delay Select 

19 

Bit 11 

28 

0 Pipeline Delay Select 

20 

Bit 12 (LSB) 

27 

Output Logic Invert 

21 

+ V DD1 (+5V) Digital 

26 

Common (Digital) 

22 

Data Valid Output 

25 

Tri-State ENABLE 

23 

Common (Digital) 

24 

Convert Command In 


ADC603 ( ) H Q 


Basic Model Number 

Performance Grade Code 

J, K: 0°C to +70°C Case Temperature 
S: -55°C to +1.00°C Case Temperature 

Package Code 

H: Metal and Ceramic 

Environmental Screening Option 


ABSOLUTE MAXIMUM RATINGS 


±v cc 

+v DO t 

±V D02 

Analog Input 

Logic Input 

±16.5V 

+7V 

-7V 

±5V 

-0.5V to +V nn , 

Case Temperature 

+125°C 

Junction Temperature 

+165°C 

Storage Temperature 

-65°C to +165°C 

Stresses above these ratings may permanently damage the device. J 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC603JH 

Metal and Ceramic 

234 

ADC603KH 

Metal and Ceramic 

234 

ADC603SHQ 

Metal and Ceramic 

234 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS 








Total Harmonic Distortion (dBc) Signai-To-Noise Ratio (dB) 


For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES 

±V CC = ±15V, +V DD1 = +5V, -V DD2 = -5.2V, R s = 50£2, 15-minute warmup, and T c = +25°C, unless otherwise noted. All plots are 4096 point FFTs. 



-50 -25 0 25 50 75 100 125 

Case Temperature (°C) 



-50 -25 0 25 50 75 100 125 
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TYPICAL PERFORMANCE CURVES (CONT) 

±V CC = ±1 5V, +V DD1 = +5V, -V DD2 = -5.2V, R s = 50Q, 10MHz sample rate, 15-minute warmup, and T c = +25°C, unless otherwise noted. All plots are 4096-point FFTs. 
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NOTE: Sample rate = 9.99 MHz; even harmonics folded to left 
edge and odd harmonics folded to right edge. Any non- 
harmonically related spurious products show clearly in the 
center. 


TWO-TONE INTERMODULATION DISTORTION 
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NOTE: Sample rate = 8MHz; highest IMD product is cursor 
number 1 : fl +f2. The second-order -76.3dBc product deter- 
mines the wideband spurious-free dynamic range of this 
example. For RF applications third-order IMD products such 
as those at cursors 3 and 6 are the limiting spurs. Under these 
conditions spurious-free dynamic range is limited by 2f2+ f 1 to 
84.3dBc. 


Sample rates of 10MHz show similar results. 


100kHz HARMONIC DISTORTION 


0 

-10 

-20 


-30 

-40 

S' 

B -50 

CD 

| -60 
Q. 

E -70 
< 

-80 

-90 


-100 

-110 

-120 


Normal Harmonics 


f c 

-0.6dB 

2f c 

-80.9dB 

3f c 

-76.1dB 

4f c 

-87.4dB 

5f c 

-88.5dB 

THD 

-73.5dB 

SINAD 

68.9dB 

SNR 

70.7dB 


2 v 



0 1.25 2.5 3.75 5 


Frequency (MHz) 


NOTE: Sample rate = 9.99 MHz; harmonics appear in normal 
order. 


TWO-TONE INTERMODULATION DISTORTION PRODUCTS 


CURSOR 

IMD 

FREQUENCY 

dB 

1 

2nd order : fl + f2 

3.086395621579MHz 

-83.1 

2 

2nd order : f2 — f 1 

0.080140734949MHz 

-91.4 

3 

3rd order : 2f1 - f2 

2.339718530102MHz 

-92.4 

4 

3rd order : 2f1 + f2 

0.666536356529MHz 

-88.4 

5 

3rd order : 2f2 - f 1 

0.586395621579MHz 

-88.2 

6 

3rd order : 2f2 + fl 

2.580140734949MHz 

-91.1 

7 

4th order : 3f1 - f2 

3.246677091478MHz 

-109 

8 

4th order : 3f1 + f2 

1.753322908522MHz 

-100 

9 

4th order : 2f2 - 2f1 

0.130281469898MHz 

-114.8 

10 

4th order : 2f2 + 2f1 

1.833463643471MHz 

-95 

11 

4th order : 3f2 - f 1 

2.926114151681MHz 

-115.4 

12 

4th order : 3f2 + fl 

1.913604378421MHz 

-98.2 


NOTE: IMD products in this table are refered to full-scale (OdB). To refer IMD to 
carrier, subtract the larger of f c 1 or f c 2. In this example, IMD referred to carrier 
will be 6.8dB higher (worse) than the full-scale value shown. 
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THEORY OF OPERATION 

The ADC603 is a two-step subranging analog-to-digital 
converter. This architecture is shown in Figure 1. The major 
system building blocks are: sample/hold amplifier, MSB 
flash encoder, DAC and error amplifier, LSB flash encoder, 
digital error corrector, and timing circuits. The ADC603 uses 
hybrid technology with laser-trimmed integrated circuits 
mounted in a multilayer ceramic package to integrate this 
complex circuit into a complete analog-to-digital converter 
subsystem with state-of-the-art performance. 

Conceptually, the subranging technique is simple: sample 
and hold the input signal, convert to digital with a coarse 
ADC, convert back to analog with a coarse-resolution (but 
high-accuracy) DAC, subtract this voltage from the S/H 
output, amplify this “remainder,” convert to digital with a 
second coarse ADC, and combine the digital output from the 
first ADC (MSB) with the digital output from the second 
ADC (LSB). In practice, however, achieving high conver- 
sion speed without sacrificing accuracy is a difficult task. 

The analog input signal is sampled by a high-speed sample/ 
hold amplifier with low distortion, fast acquisition time and 
very low aperture uncertainty (jitter). A diode bridge sam- 
pling switch is used to achieve an acceptable compromise 
between speed and accuracy. The diode bridge switching 
transients are buffered from the analog input by a high input 
impedance buffer amplifier. Since the hold capacitor does 
not appear in the feedback of the diode bridge output buffer, 


the capacitor can acquire the signal in 25ns. The low-bias- 
current output buffer is then required to settle to only the 
resolution (7 bits) of the first (MSB) flash encoder in 25ns, 
while an additional 60ns is allowed for settling to the resolu- 
tion (12 bits) of the second (LSB) flash encoder. Sample/ 
hold droop appears as only an offset error and does not effect 
linearity. 

Both the MSB and the LSB flash encoder (ADC) function are 
performed by multiplexing one high-speed 7-bit resolution 
converter formed by parallel-connecting two 6-bit flash 
ADCs. The DAC voltage reference is also used to generate 
reference voltages for the MSB and LSB encoder to compen- 
sate drift errors. Buffering and scaling amplifiers are laser- 
trimmed to minimize voltage offset errors and optimize gain 
(input full-scale range) symmetry. 

The subtraction DAC is an ECL 7-bit resolution monolithic 
DAC with 14-bit accuracy. Laser-trimmed thin-filmnichrome 
resistors and high-speed bipolar circuitry allow the DAC 
output to settle to 14-bit accuracy in only 35ns. 

A “remainder” or coarse conversion-error voltage is gener- 
ated by resistively subtracting the DAC output from the 
output of the sample/hold amplifier. Before the second (LSB) 
conversion, the “remainder” is amplified by a wideband fast- 
settling two-input amplifier with a gain of 32V/V. To prevent 
overload on large amplitude transients, the active input is 
switched off to blank the amplifier input from the beginning 
of the S/H acquisition time to the end of the MSB encoder 
update time. 



FIGURE 1. ADC603 Block Diagram — A Two-Step Subranging Architecture. 
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Internal timing circuits (ECL logic is used internally) supply 
all the critical timing signals necessary for proper operation 
of the ADC603. Some noncritical timing signals are also 
generated in the digital error correction circuitry. Timing 
signals are laser-trimmed for both pulse width and delay. 
ECL logic is used for its speed, low noise characteristics and 
timing delay stability over a wide range of temperatures and 
power supply voltages. Basic timing is derived from the 
output of a three- stage shift register driven by a synchronized 
20MHz oscillator. 

The convert command pulse is differentiated to allow trig- 
gering by pulses from as narrow as 10ns to as wide as 80% 
duty cycle. 

The ADC603 timing technique generates a variable width 
S/H gate pulse which is determined by the conversion com- 
mand pulse period minus a fixed 67ns ADC conversion time. 
ADC603 conversion rates are therefore possible somewhat 
above the 10MHz specification, but S/H acquisition time is 
sacrificed and accuracy is rapidly degraded. Converters with 
guaranteed operation at 10.24MHz sample rate are available 
on special order. 

The output of the MSB and LSB encoders are read into 
separate 7-bit latches. The latched MSB data, along with the 
latched LSB data, is then read into a 14-bit latch after the 
leading edge of the LSB strobe and before being applied to 
the adder, where the actual error correction takes place. 
These latches eliminate any critical timing problems that 
could result when the converter is operated at the maximum 
conversion rate. 

The function of the digital error correction circuitry is to 
assemble the 7-bit words from the two flash encoders into a 
12-bit output word. A data valid (DV) pulse is also generated 
which is used to indicate when output data can be latched into 
an external register. This DV pulse is delayed 6ns after the 
output data has settled to allow sufficient set-up time for an 
external TTL data latch. A high-speed latch such as a 74F174 
is recommended. 

The 14-bit register output is then sent to a 12-bit adder where 
the final data output word is created. The MSB data forms the 


most significant seven bits of a 12-bit word, with the last five 
bits being assigned zeros. In a similar fashion, the LSB data 
from the least significant bits forms the other input to the 
adder, with the first five bits being assigned zeros. As two 12- 
bit words are being added, the output of the adder could 
exceed 1 2 bits in range; however, the final data output is only 
a 12-bit word, so a means of detecting an overrange is 
included to prevent reading erroneous data. The converter 
data output is forced to all ones for a full-scale input or 
overrange. The data output does not “roll-over” if the con- 
verter input exceeds its specified full-scale range of ± 1.25V. 

DISCUSSION OF I 

PERFORMANCE 

DYNAMIC PERFORMANCE TESTING 

The ADC603 is a very high performance converter and 
careful attention to test techniques is necessary to achieve 
accurate results. Spectral analysis by application of a fast 
Fourier transform (FFT) to the ADC digital output will 
provide data on all important dynamic performance parame- 
ters: total harmonic distortion (THD), signal-to-noise ratio 
(SNR) or the more severe signal-to-noise-and-distor- 
tion ratio (SINAD), and intermodulation distortion (IMD). 

A typical test setup for performing high-speed FFT testing of 
analog-to-digital converters is shown in Figure 2. Highly 
accurate phase-locked signal sources allow high resolution 
FFT measurements to be made without using window func- 
tions. By choosing appropriate signal frequencies and sample 
rates, an integral number of signal frequency periods can be 
sampled. As no spectral leakage results, a “rectangular” 
window (no window function) can be used. This was used to 
generate the typical FFT performance curves shown on page 5. 

If generators cannot be phase-locked and set to extreme 
accuracy, a very low side-lobe window must be applied to the 
digital data before executing an FFT. A commonly used 
window such as the Hanning window is not appropriate for 
testing high performance converters; a minimum four-sample 
Blackman-Harris window is strongly recommended. (1) To 



FIGURE 2. Block Diagram of FFT Test for THD, SNR, and SINAD. 


Burr-Brown IC Data Book — Data Conversion Products 


2.45 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS 








For Immediate Assistance, Contact Your Local Salesperson 


assure that the majority of codes are exercised in the ADC603 
(12 bits), a 4096-point FFT is taken. If the data storage RAM 
is limited, a smaller FFT may be taken if a sufficient number 
of samples are averaged (i.e., a 10-sample average of 512- 
point FFTs). 

Dynamic Performance Definitions 

1. Signal-to-Noise-and-Distortion (2) Ratio (SINAD): 

20 i 0 g Sinewave Signal Power 

Noise + Harmonic Power (first 9 harmonics) 

2. Signal-to-Noise Ratio (SNR): 

10 i 0 g Sinewave Signal Power 
Noise Power 


1 . The ADC analog input must not be overdriven. Using a 
signal amplitude slightly lower than FSR will allow a 
small amount of “headroom” so that noise or DC offset 
voltage will not overrange the ADC and “hard limit” on 
signal peaks. 

2. Two-tone tests can produce signal envelopes that exceed 
FSR. Set each test signal to slightly less than -6dB to 
prevent “hard limiting” on peaks. 

3. Low-pass filtering (or bandpass filtering) of test signal 
generators is absolutely necessary for THD and IMD 
tests. An easily built LC low-pass filter (Figure 4) will 
eliminate harmonics from the test signal generator. 

4. Test signal generators must have exceptional noise per- 
formance (better than -155dBC/Hz) to achieve accurate 
SNR measurements.^ Good generators together with fifth- 
order elliptical bandpass filters are recommended for 


3. Total Harmonic Distortion (THD): 

10 log Harmonic Power (first 9 harmonics) 

Sinewave Signal Power 

4. Intermodulation Distortion (IMD): 

10 log Highest IMD Product Power (to 5th order) 
Sinewave Signal Power 

IMD is referenced (3) to the larger of the test signals fj or f 2 . 
Five “bins” either side of peak are used for calculation of 
fundamental and harmonic power. The “0” frequency bin 
(DC) is not included in these calculations as it is of little 
importance in dynamic signal processing applications. 


APPLICATION TIPS 

Attention to test set-up details can prevent errors that contrib- 
ute to poor test results. Important points to remember when 
testing high performance converters are: 


50Q 

In 




50Q 

Out 




o Q -= 


I I I I I 


9th Order 0.5dB Ripple 
Tchebychev Low-Pass Filter 

Attenuation at 2x cutoff frequency = 90dB. 

Cutoff frequency = -3dB frequency; to convert cutoff frequency to -0.5dB 
frequency, multiply all LC values by 0.98997. 
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FIGURE 4. Ninth-Order Harmonic Filter. 



FIGURE 3. Block Diagram of FFT Test for Two-Tone IMD. 
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FIGURE 5. Active Signal Combiner. 


SNR tests. Narrow-bandwidth crystal filters can also be 
used to filter generator broadband noise, but they should 
be carefully tested for operation at high levels. 

5. The analog input of the ADC603 should be terminated 
directly at the input pin sockets with the correct filter 
terminating impedance (50£2 or 75£2), or it should be 
driven by a low output impedance buffer such as an 
OPA642/643. Short leads are necessary to prevent digital 
noise pickup. 

6. A low-noise (jitter) clock signal (convert command) gen- 
erator is required for good ADC dynamic performance. A 
poor generator can seriously impair good SNR perfor- 
mance. Short leads are necessary to preserve fast TTL rise 
times. 

7. Two-tone testing will require isolation between test signal 
generators to prevent IMD generation in the test generator 
output circuits. An active summing amplifier using an 
OPA600 is shown in Figure 5. This circuit will provide 
excellent performance from DC to 5MHz with harmonic 
and intermodulation distortion products typically better 
than -70dBC. A passive (hybrid transformer) signal com- 
biner can also be used (Figure 6) over a range of about 
0. 1MHz to 30MHz. This combiner’s port-to-port isolation 
will be ~45dB between signal generators and its input- 
output insertion loss will be =6dB. Distortion will be 
better than -85dBC for the powdered-iron core specified. 

8. A very low side-lobe window must be used for FFT 
calculations if generators cannot be phase-locked and set 
to exact frequencies. A minimum four-sample Blackman- 
Harris window function is recommended. (1) 

9. Digital data must be latched into an external TTL 12-bit 
register by the Data Valid output pulse or by using the 
convert command pulse (Figures 11, 12, 13, and 14). 
Latches should be mounted on PC boards in very close 
proximity to the ADC603. Avoid long leads. 



10. Do not overload the data output logic. These outputs are 
designed to drive 2 TTL loads. Do not connect ADC603 
data output pins directly to a noisy digital bus; use 
external 3-state logic for noise immunity. 

11. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response . (5, 6) Proper 
grounding and bypassing, short lead lengths, separation 
of analog and digital signals, and the use of ground 
planes are particularly important for high frequency 
circuits. Multilayer PC boards are recommended for best 
performance, but a two-sided PC board with large, heavy 
(2oz-foil) ground planes can give excellent results, if 
carefully designed. 

12. Prototyping “plug-boards” or wire-wrap boards will 
not be satisfactory. 

13. Floating inputs can eliminate ground-loop noise. A 
simple common-mode choke (balun) shown in Figure 
7 and 8, or a differential amplifier (Figure 9 and 10) 
can reduce analog input noise. 


BURR -BROWN® 
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14. Connect analog and digital ground pins of the ADC603 
directly to the ground plane. In our experience, con- 
necting these pins to a common ground plane gives 
the best results. Analog and digital power supply 
commons should be tied together at the ground plane. 
Adding power supply and ground-return filtering (7) is 
optional and may improve noise rejection. 



FIGURE 7. Floating-Input Baiun Transformer. 


NOTES: 

1. “On the Use of Windows for Harmonic Analysis with the Discrete Fourier 
Transform”, Fredric J. Harris. Proceedings of the IEEE , Vol. 66, No. 1, January 
1978, pp 51-83. 

2. SINAD test includes harmonics whereas SNR does not include these important 
spurious products. 

3. If IMD is referenced to peak envelope power, distortion will be of 6dB better. 

4. ‘Test Report: FFT Characterization of Burr-Brown ADC600K”, Signal Conver- 
sion Ltd., Swansea, Wales, U.K. 

5. MECL System Design Handbook, 3rd Edition, Motorola Corp. 

6. Motorola MECL, Motorola Corp. 

7. Murata-Erie BNX002-01. 




FIGURE 9. Differential Input Buffer Amplifier FIGURE 10. Differential Input Buffer Amplifier 

(Gain = -1V/V). (Gain = -2V/V). 
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FIGURE 11. Interface Circuit — Digital Output Strobed by Convert Command. Supply connection shown: power supplies and 
grounds shared by analog and digital pins using common ground plane (recommended circuit). 


-5.2V -15V +15V 


Parallel 0.01 pF 
Ceramic and 
1 pF Tantalum (All) 



FIGURE 12. Interface Circuit — Digital Output Strobed by Data Valid Pulse. Supply connection shown: power supplies and 
grounds shared by analog and digital pins using common ground plane. 
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FIGURE 13. Convert Command Strobe Timing. 
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Typical value = 6ns. Independent of conversion rate. (6) The symbol indicates the portion of the waveform that will “stretch out” at lower conversion rates. 


FIGURE 14. Data Valid Strobe Timing. 
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DIGITIZING INPUT WAVEFORMS 

The response of the ADC603 is illustrated by the digitized 
waveforms of Figure 15. The 4.99MHz sine wave near the 
Nyquist limit is virtually identical to much lower frequency 
sine wave input. The under-sampled 19.999MHz sine wave 
illustrates the ADC603’s excellent analog input full-power 
bandwidth. 

HISTOGRAM TESTING 

Histogram testing is used to test differential nonlinearity of 
the ADC603. This system’s block diagram (the same for FFT 
testing and waveform digitizing) is shown in Figure 2 and 
histogram test results for a typical converter are shown in 
Figure 16. Note that low-frequency differential nonlinearity 
is 1/2LSB and it shows virtually no degradation near the 
Nyquist limit of 5MHz; there are no missing codes present 
and the peak nonlinearity does not exceed 1LSB. Histogram 
testing is a useful performance indicator as the width of all 
codes can be determined. 

SPECTRUM ANALYZER TESTING 

A beat-frequency technique (Figure 17) can be used to view 
digitized waveforms on an oscilloscope and, with care, this 


technique can also be used for testing high-speed ADC 
dynamic characteristics with an analog spectrum analyzer. 

In this method a test signal is digitized by the ADC603 and 
the output digital data is latched into an external latch by the 
converter Data Valid output pulse driving a divide-by-N 
counter. The buffered ECL/TTL level translator latch drives 
a 12-bit video-speed DAC which reconstructs the digital 
signal back into an analog replica of the ADC603 input. This 
analog signal, including distortion products and noise result- 
ing from digitization, can then be viewed on an ordinary 
analog RF spectrum analyzer. 

It is important to realize that the distortion and noise mea- 
sured by this technique include not only that from the 
ADC603, but also from the entire analog-to-analog test 
system. Nonlinearity of the reconstruction circuit must be 
very low to measure a high performance ADC, and this 
places severe requirements on the ADC, deglitcher, and 
buffer amplifiers. 

Using a high-speed video DAC600 in the analog reconstruc- 
tion circuit allows excellent test circuit linearity to be achieved. 
Clocking the DAC (demodulating) at f c /N allows a longer 
DAC settling time and keeps linearity high in the digital-to- 
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DIFFERENTIAL LINEARITY ERROR 
f IN = 100kHz 


DIFFERENTIAL LINEARITY ERROR 
f IN = 5MHz 



Sampling Rate = 10MHz 


FIGURE 16. 100kHz and 5MHz Differential Linearity. 



FIGURE 17. Analog-to- Analog Spectral Analysis by Beat-Frequency Techniques. 


analog portion of the test circuit. Spectrum analyzer dynamic 
range can be a limiting factor in this method. To increase 
dynamic range, a sharp notch filter can be used to attenuate 
the high-level fundamental frequency. Attenuating the high- 
level fundamental signal allows the analog spectrum ana- 
lyzer to be used on a more sensitive range without generating 
distortion products within its front end. 

Note that even though the signal is demodulated at a fre- 
quency of sample rate/N, the distortion products still main- 
tain a correct frequency relationship to the fundamental. 
While this analog technique can give good performance, it 
cannot exclude some distortion products unavoidably gener- 
ated within the analog reconstruction portion of the test 


system. For this reason, the digital FFT technique is capable 
of more accurate high-speed analog/digital converter dy- 
namic performance measurements and is the preferred method 
of testing high-performance A/D converters. 

TIMING 

The ADC603 generates all necessary timing signals inter- 
nally. There are two methods for reading output data, offer- 
ing three selectable levels of data pipeline delay as described 
below. 

Convert Command Timing Option (pin 29 = HI) 

With this option, the Convert Command signal is used both 
for initiating a new conversion and for reading valid data 
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from a previous conversion. This method is most useful in 
synchronous systems where data samples are taken continu- 
ously. 

See Figure 13 for timing relationships. 

Pin 28 is used to control the amount of pipeline delay. If pin 
28 is held LO, then output data “N - 2” will be valid on the 
rising edge of Convert Command “N.” If pin 28 is held HI, 
then output data “N - 3” will be valid on the rising edge of 
Convert Command “N.” These timing relationships are valid 
at any conversion rate up to 10MHz. At rates approaching 
10MHz, however, the data setup time before the rising 
Convert Command edge may become as short as 6ns. There- 
fore, the use of high-speed TTL latches such as the 74F174 
hex flip-flop is recommended to capture the data. If slower 
latches must be used, then the setup time can effectively be 
improved by adding several nanoseconds of delay between 
the Convert Command and the latch clock signal. 

Data Valid Timing Option (pin 29 = LO) 

With this option, data from conversion “N” becomes valid 
after a fixed delay from the rising edge of Convert Command 
“N.” The delay is approximately 135ns, at which time the 
Data Valid strobe signal will rise. This signal may be con- 
nected directly to the clock input of the user’s data latch. 

See Figure 18 for timing relationships. Pin 28 must be left HI 
at all times when using the Data Valid timing option. 

The advantages of this method are that no subsequent con- 
versions are required in order to read the data, and the data 
is available as soon as possible after the start of conversion. 
Therefore, the Data Valid option is most useful in systems 
where the ADC may be operated asynchronously, or where 
the very first data latch output after power-up must represent 
a valid conversion. Note that because the delay is fixed at 
approximately 135ns independent of conversion rate, the 
Data Valid pulse will overlap into the next conversion at rates 
above 7.4MHz. This does not preclude proper operation at 
any rate up to 10MHz. 

DATA OUTPUT 

Output logic inversion can be accomplished by programming 
pin 27. Binary Two’s Complement or Inverted Binary Two’s 
Complement output data formats are available (Table II). 

The ADC603 output l ogic is TTL compatible. The tri-state 
output is controlled by ENABLE pin 25. For normal opera- 
tion, pin 25 will be tied LO. A logic HI on pin 25 will switch 
the ouput data register to a high-impedance state (Figure 20). 
Output OFF leakage current I 0ZL and I QZH will be less than 
50pA over the converter’s specified operating temperature 
range. Tri- state output should be isolated from noisy digital 



DATA LATCHED BY 

DATA LATCHED BY 


CONVERT COMMAND 

DATA VALID STROBE 

PIN NUMBER 

N-3 

N-2 

N-1 

28 

HI 

LO 

HI 

29 

HI 

HI 

LO 


TABLE I. Pipeline Delay Selection Logic. 


bus lines, since the noise can couple back through the OFF 
data register and create noise in the ADC. 

DIGITAL INPUTS 

Logic inputs are TTL compatible. Open inputs will assume 
a HI logic state; unused inputs may be allowed to float or they 
may be tied to an appropriate TTL logic level. 

NOTES: 

1. FAST™ Applications Handbook, 1987. Fairchild Semiconductor Corp. 

2. Fairchild Advanced CMOS Technology, Technology Seminar Notes, 1985. 

3. “Impedance Matching Tweaks Advance CMOS IC Testing”, Gerald C. Cox, I 

Electronic Design, April, 1987. | 

4. “Grounding for Electromagnetic Compatibility”, Jerry H. Boogar, Design News} 
23 February, 1987. 


OFFSET AND GAIN ADJUSTMENT 

The ADC603 is carefully laser-trimmed to achieve its rated 
accuracy without external adjustments. If desired, both gain 
error and input offset voltage error may be trimmed to zero 
with external potentiometers (Figure 23). Trim range is 
typically 2%; large offsets and gain changes should be made 
elsewhere in the system. Using an input buffer amplifier 
allows a convenient point for injecting large offset voltages 
and making wide gain adjustments. 

If offset and gain trim is not used, pins 36 and 37 should be 
left unconnected. 


INPUT VOLTAGE 
(Exact Center of Code) 

DIGITAL DATA OUTPUT LOGIC CODING 

Binary Two’s 
Complement (BTC) 
Pin 27 = LO 

Inverted Binary 
Two’s Complement 
(BTC) Pin 27 = HI 

+FS (+ 1.25V) 

+FS -1LSB (+1 ,2494V) 
+FS -2LSB(+1 .2488V) 
+3/4FS (+0.9375V) 

+1/2FS (+0.625V) 

+1/4FS (+0.31 25V) 

+ 1LSB (+610pV) 

Bipolar Zero (0V) 

-1LSB (-61 OpV) 

-1/4FS (-0.31 25V) 

-1/2FS (+0.625V) 

-3/4FS (-0. 9375V) 
-(FS-1LSB)(-1 ,2494V) 
-FS (-1 .25V) 

MSB LSB 

011111111111* 
011111111111 
011111111110 
011000000000 
010000000000 
001000000000 
000000000001 
000000000000 
111111111111 

1 1 1 000000000 
110000000000 
101000000000 
100000000001 
100000000000 

MSB LSB 

100000000000* 
100000000000 
100000000001 
100111111111 

101111111111 

110111111111 

111111111110 

111111111111 

000000000000 

000111111111 

001111111111 

010111111111 

011111111110 

011111111111 

* Indicates overrange condition. j 


TABLE II. Digital Data Output Logic Coding. 


ENABLE 

HI 

Input 

Pin 25 

LO 

Data 

HI 

Output 

OFF 

Pins 9-20 

LO 



FIGURE 22. Digital Data Tri-State Output. 
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THERMAL REQUIREMENTS 

The ADC603 is tested and specified over a temperature range 
of 0°C to +70°C (J, K grade) and -55°C to +100°C ( S grade). 
The converters are tested in a forced-air environment with a 
10 SCFM air flow. With a small heat sink (Figure 24) the 
ADC603 can be operated in a normal convection ambient-air 
environment if submodule case temperature does not exceed 
the upper limit of its specification. 0 * 

High junction temperature can be avoided by using forced-air 
cooling, but it is not required at moderate ambient tempera- 
tures. Thermal resistance of the ADC603 package is: 9 JC = 
4.8°C/W, measured to the underside of the case. 

NOTES: 

1 . “Maximizing Heat Transfer from PCBs”, Machine Design, March 26, 1987, Jeilong 
Chung. 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con- 
trolled by the design, materials, and fabrication of the device 
— it cannot be improved by testing. However, environmental 
screening can eliminate the majority of those units which 
would fail early in their lifetimes (infant mortality) through 
the application of carefully selected accelerated stress levels. 

Burr-Brown offers environmentally screened versions of our 
standard military temperature range products, designed to 
provide enhanced reliability at moderate cost. The screening 
illustrated in Table III is performed to selected methods of 
MIL-STD-883. Reference to these methods provides a 
convenient way of communicating the screening levels and 



basic procedures employed; it does not imply conformance 
to any other military standards or to any methods of MIL- 
STD-883 other than those specified. Burr-Brown’s detailed 
procedures may vary slightly, model-to-model, from those in 
MIL-STD-883. 


SCREEN 

MIL-STD-883 

METHOD, 

CONDITION 

SCREENING LEVEL 

Internal Visual 

2017 

Visual requirements only 
(par 3.1 through 3.1.8) 

Electrical Test 

Burr-Brown 
Test Procedure 


High Temperature Stor- 
age (Stabilization Bake) 

1008 

24hr, +100°C 

Temperature Cycling 

1010 

10 cycles, -55°C to -125°C 

Constant Acceleration 

2001 , A 

2000G; Y Axis Only 

Burn-In 

1015, D 

160hr, +125°CTj, No PDA 

Hermeticity, Gross Leak 

1014, C 

Bubble Test Only, 
Preconditioning Omitted 

Final Electrical 

Burr-Brown 
Test Procedure 


External Visual 

2009 



TABLE III. Optional Screening Flow for ADC603SHQ. 



FIGURE 21. A Multiplexed-Input Buffer Amplifier (Gain = 
+16V/V). 


46-pin package 



Heat sink #0808HS conducts heat from bottom of 
package into copper ground plane. (Mounting 
screws and nuts not included with 0808HS.) 



FIGURE 20. Heat Sink Transfers Heat from the DIP Package into a Copper Ground Plane. 
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ADC614 


: ■ 


14-Bit 5.12MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


• HIGH SPURIOUS-FREE DYNAMIC RANGE: 
-90dB (L Grade) 

• WIDEBAND SAMPLE/HOLD: 60MHz 

• SAMPLE RATE: DC to 5.12MHz 

• HIGH SIGNAL/NOISE RATIO: 78dB 
% NO MISSING CODES 

• SINGLE 46-PIN DIP PACKAGE 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 


APPLICATIONS 

• FFT SPECTRAL ANALYSIS 

• MEDICAL IMAGING 

• RADAR SIGNAL ANALYSIS 

• CCD IMAGING SYSTEMS 

• DIGITAL RECEIVERS 

• TRANSIENT SIGNAL RECORDING 

• HIGH-SPEED DATA ACQUISITION 

• SIGINT, ECM, AND EW SYSTEMS 


DESCRIPTION 

The ADC614 is a high dynamic range analog-to- 
digital converter capable of digitizing signals at any 
rate from DC to 5.12 megasamples per second. Out- 
standing spurious-free dynamic range has been 
achieved by minimizing potential distortion sources. 


The ADC614 is a two-step subranging ADC sub- 
system containing an ADC, sample/hold amplifier, 
voltage reference, timing, and error-correction cir- 
cuitry in a 46-pin hybrid DIP package. The 
logic interface is TTL. An evaluation board 
(DEM-ADC614-E) is available for quick evaluation. 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

T c = +25°C, 5.12MHz sampling rate, output data latched with the convert command, R s = 50Q, ±V CC = +15V, +V DD1 = +5V, -V DD2 = -5.2V, and 15-minute warmup 
in convection, enviroment, unless otherwise noted. 




ADC614JH 

ADC614KH 

ADC614LH 


PARAMETER 

CONDITIONS 

w ■ 

TYP 


MIN 




TYP 


UNITS 

RESOLUTION 




14 



14 



14 

Bits 

INPUTS | 

ANALOG 

Input Range 

Full Scale 

-1.25 


+1.25 

* 


. 

* 




V 

Input Impedance 



1.5 



* 




* 


MQ 

Input Capacitance 



5 



* 






pF 

DIGITAL 

Logic Family 

Convert Command 

Start Conversion 












Pulse Width 

t = Conversion Period 

10 


t-20 

* 


* 

* 



* 

ns 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 

DC 


±0.8 

±2 


±0.4 

±1 





%FSR (1 > 

Input Offset 

DC 


±0.4 

±2 


±0.2 

±0.75 



* 

* 

%FSR 

Differential Linearity Error 

f = 100kHz: 


1.3 

1.5 


0.9 

1.25 



* 

* 

LSB 


100% of all Codes 












No Missing Codes 



Suaranteed 

C 

guaranteed 


Guaranteed 



Power Supply Rejection 

A+V cc = ±5% 


±0.03 

±0.1 


* 

* 



* 

* 

%FSR/% 


A-V cc = ±5% 


±0.04 

±0.1 


* 

* 



* 

* 

%FSR/% 


A+V DD1 = +5% 


±0.004 

±0.07 


* 

* 



* 

* 

%FSR/% 


A-V DD2 = ±5% 


±0.01 

±0.07 


* 

* 



* 

* 

%FSR/% 

CONVERSION CHARACTERSITICS j 

Sample Rate 


DC 


5.12M 



* 

* 



* 

Samples/s 

Pipeline Delay 

Logic Selectable 



1 , 2 or 3 Convert Command Periods 

i i i i 





DYNAMIC CHARACTERISTICS' 1 *' 2 ' | 

Differential Linearity Error 

f = 2.3MHz: 


1.3 

2.0 


0.8 

1.25 



* 

* 

LSB 


100% of all Codes 












Spurious-Free Dynamic 

Range (SFDR) 













f = 2.3MHz (-0.5dB) 

f s = 5.12MHz 

77 

82 


82 

88 


88 


90 


dBFS' 3 * 

f = 100kHz (-0.5dB) 


79 

82 


83 

88 


88 


90 


dBFS' 3 * 

Two-Tone Intermodulation 
Distortion' 6 * 













f = 2.2MHz (-6.5dB) 
f = 2.3MHz (-6.5dB) 

f s = 5.12MHz 


-82 

-75 


-88 

-80 





dBFS' 3 * 

Signal-to-Noise Ratio (SNR)' 6 * 













f = 2.3MHz (-0.5dB) 

f s = 5.12MHz 

73 

75 


74 

76 


75 


78 


dB 

f = 100kHz (-0.5dB) 


75 

77 


75 

78 


76 


80 


dB 

SINAD 













f = 2.3MHz (-0.5dB) 

f s = 5.12MHz 


74 



76 




78 


dB 

f = 100kHz (-0.5dB) 



76 



78 




80 


dB 

Aperature Delay Time 


-20 

-5 

+20 

* 


* 

* 


* 

* 

ns 

Aperature Jitter 

Analog Input Bandwidth (-3dB) 



3 

10 








ps rms 

Small Signal 

-20dB Input 

40 

60 


* 

* 


* 


* 


MHz 

Full Power 

OdB Input 


30 


* 

* 


* 


* 


MHz 

Overload Recovery Time 

2x Full-Scale Input 


205 

400 


* 

* 



* 

* 

ns 

j OUTPUTS | 

Logic Family 





TTL Compatible 






Logic Coding 

Logic Selectable 



Two’s Complement or Inverted Two’s Complement 



Logic Levels 

Logic “LO” 
l 0L = -3.2mA 

0 

+0.3 

+0.5 

* 






* 

V 


Logic “HI” 
l OH = 160pA 

+2.4 

+3.5 

+5.0 








V 

EOC Delay Time 

Data Out to DV 




See Timin 

g Diagram: Figure 1 

3 





Tri-State Enable/Disable Time 

l OL = —6.4mA, 


37 

100 


* 

* 



* 

* 

ns 


50% in to 50% Out 












Data Valid Pulse Width 





See Timing Diagram: Figure 1 

3 





POWER SUPPLY REQUIREMENTS ! 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

* 

* 

* 

* 


* 

* 

V 

-Vcc 


-14.25 

-15 

-15.75 

* 

* 

* 

* 


* 

* 

V 

+V DD i 


+4.75 

+5 

+5.25 

* 

* 

* 

* 


* 

* 

V 



-4.95 

-5.2 

-5.46 

* 

* 

* 

* 


* 

* 

V 

Supply Currents: +l cc 

Operating 


+60 



* 

+80 



* 

* 

mA 




—60 



* 

-80 



* 

* 

mA 

+Iddi (4) 



+305 



* 

+330 



* 

* 

mA 

-W (5 > 



-550 



* 

-630 



* 

* 

mA 

Power Consumption 

Operating 


6.1 

6.5 


* 

* 



* 

* 

W 


‘Same specifications as next grade to the left. 
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SPECIFICATIONS (CONT) 

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 


±V CC ^ +15V, +V DD1 = +5V, -V DD2 = -5.2V, R s = 50£2, 5.12MHz sampling rate, output data latched with the convert command, and 15-minute warmup, and T c = T MIN to 
T max , unless otherwise noted. 


PARAMETER 

CONDITIONS 

ADC614JH 

ADC614KH 

ADC614LH 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

TEMPERATURE RANGE | 

Specification 

Tcase 

o 


+85 



* 

* 


* 

^1 

TRANSFER CHARACTERISTICS | 

ACCURACY 











1 

Gain Error 

DC 


±0.9 

±2 


±0.4 

±1.5 


* 

* 

%FSR< 1 > L 

Input Offset 

DC 


±0.5 

±2 


±0.2 

±1.5 


* 

* 

%FSR I 

Differential Linearity Error 

f = 100kHz: 


1.4 

2.0 


1.0 

1.5 


* 

* 

LSB 1 


100% of all Codes 











No Missing Codes 



Guaranteec 


C 

iuarantee 



Guaranteed 



Power Supply Rejection 

A+V cc = ±5% 


±0.04 

±0.2 


* 

* 


* 

* 

%FSR/% 


A-V cc - ±5% 


±0.05 

±0.2 


* 

* 


* 

* 

%FSR/% 


A+V DD1 = ±5% 


±0.004 

±0.1 


* 

* 


* 

* 

%FSR/% 


A-V DD2 = ±5% 


±0.02 

±0.1 


* 

* 


* 

* 

%FSR/% 

CONVERSION CHARACTERSITICS f 

Sample Rate 


DC 


5.12M 

• 

1 

• 

* 


* 

Samples/s 

Pipeline Delay 




1 , 2 or 3 Convert Command Periods 




DYNAMIC CHARACTERISTICS* 2 ' | 

Differential Linearity Error 

f = 2.3MHz: 


1.4 

2.0 


1.0 

1.5 


* 

* 

LSB 


1 00% of all Codes 











Spurious-Free Dynamic 












Range (SFDR) 












f = 2.3MHz (-0.5dB) 

f s = 5.12MHz 

75 

82 


80 

87 


85 

87 


dBFS< 3 > 

f = 100kHz (-0.5dB) 


77 

82 


80 

87 


85 

88 


dBFS< 3 > 

Two-Tone Intermodulation 












Distortion* 6 ) 












f = 2.20MHz (-6.5dB) 

f s = 5.12MHz 


-82 

-73 


-87 

-78 


* 

* 

dBFS (3) 

f = 100kHz (-6.5dB) 












Signal-to-Noise Ratio (SNR) 












f = 2.3MHz (-0.5dB) 

f s = 5.12MHz 


70 



74 



76 


dB 

f = 100kHz (-0.5dB) 



74 



76 



78 


dB 

SINAD 












f = 2.3MHz (-0.5dB) 

f s = 5.12MHz 


70 



73 



* 


dB 

f = 100kHz (-0.5dB) 



73 



75 



* 


dB 

Aperature Delay Time 


-25 

-6 

+25 

* 

* 

* 

* 

* 

* 

ns 

Aperature Jitter 



3 

10 


* 

* 


* 

* 

ps rms 

Analog Input Bandwidth (-3dB) 












Small Signal 

-20dB Input 


60 



* 



* 


MHz 

Full Power 

OdB Input 


30 



* 



* 


MHz 

Overload Recovery Time 

2x Full-Scale Input 


220 



* 


J 

* 


ns 

OUTPUTS | 

Logic Levels 

Logic “LO” 

0 

+0.3 

+0.8 

* 

* 

* 


* 

* 

V 


l OL = -3.2mA 












Logic “HI" 

+2.4 

+3.5 

+5.0 


* 

* 

* 

* 

* 

V 


l 0H = 160|uA 











EOC Delay Time 

Data Out to DV 


See Figure 13; A 

Timinq Ty 

Dically Within ±20% 

Over Tern 

perature 



Tri-State Enable/Disable Time 

l 0L = -6.4mA, 


42 

100 


* 

* 


* 


ns 

50% in to 50% Out 












Data Valid Pulse Width 



See Figure 13; A Timing Typically Within ±20% Over Temperature 



POWER SUPPLY REQUIREMENTS | 

Supply Currents: +l cc 

Operating 


+65 

+80 


* 

* 


* 

* 

mA 

-Ice 



-61 

-80 


* 

* 


* 

* 

mA 

+W 41 



+305 

+333 


* 

* 


* 

* 

mA 

-l0D 2 (S) 



-550 

-630 


* 

* 


* 


mA 

Power Consumption 

Operating 


6.1 

6.5 


* 

* 




W 


*Same specifications as next grade to the left. 


NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with lower distortion are available on special order; inquire. (3) dBFS = level referred to full scale. The input 
signal is within 1 dB of full scale; f = input frequency; f s = sampling frequency. (4) Pins 3 and 30 (analog typically draw 80% of the total +5V current. Pin 21 (digital) typically 
draws 20%. (5) Pin 6 (analog) typically draws 45% of the total -5.2V current. Pin 31 (digital) typically draws 55%. (6) SNR and two-tone intermodulation distortion are 
guaranteed but not 100% tested. 


■bb| 


Burr-Brown IC Data Book — Data Conversion Products 


2.57 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS Q ADC614 









PIN ASSIGNMENTS 


For Immediate Assistance, Contact Your Local Salesperson 


1 

Common (Analog) 

46 

Common (Analog) 

2 

DNC 

45 

Analog Signal In 

3 

+V DD1 ( +5V ) Analog 

44 

+V CC (+15V) Analog 

4 

S/H Out 

43 

-V cc (-15V) Analog 

5 

A/D In 

42 

NC 

6 

-V DD2 (-5.2V) Analog 

41 

NC 

7 

Bit 13 

40 

NC 

8 

Bit 1 4 (LSB) 

39 

DNC 

9 

Bit 1 (MSB) 

38 

DNC 

10 

Bit 2 

37 

Gain Adjust 

11 

Bit 3 

36 

Offset Adjust 

12 

Bit 4 

35 

Common (Analog) 

13 

Bit 5 

34 

+V CC (+15V) Analog 

14 

Bit 6 

33 

-V cc (-15V) Analog 

15 

Bit 7 

32 

Common (Analog) 

16 

Bit 8 

31 

“V DD 2 (-5-2V) Digital 

17 

Bit 9 

30 

+V DD1 (+5V) Analog 

18 

Bit 10 

29 

1 Pipeline Delay Select 

19 

Bit 11 

28 

0 Pipeline Delay Select 

20 

Bit 12 

27 

Output Logic Invert 

21 

+V DD1 (+5V) Digital 

26 

Common (Digital) 

22 

Data Valid Output 

25 

3-State ENABLE 

23 

Common (Digital-Case) 

24 

Convert Command In 

NOTE 

: NC = no connection, DNC 

= do not connect. 


i 


ORDERING INFORMATION 


ADC614 ( ) H Q 


Basic Model Number 

Performance Grade Code 

J, K, L: 0°C to +85°C Case Temperature 

Package Code 

H: Metal and Ceramic 

Enviromental Screening Option 


ABSOLUTE MAXIMUM RATINGS 


±V CC A ±16.5V 

+V DD1 +70V 

±V DD2 -7.0V 

Analog Input ±5.0V 

Logic Input -0.5V to +V DD1 

Case Temperature (Operating) +85°C 

Junction Temperature +100°C 

Storage Temperature -65°C to +1 25°C 

Stresses above these ratings may permanently damage the device. 


PACKAGING INFORMATION* 1 * 







PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

ADC614JH 

Metal and Ceramic 

234 

ADC614KH 

Metal and Ceramic 

234 

ADC614LH 

Metal and Ceramic 

234 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 


BURR -BROWN® 


2.58 


Burr-Brown IC Data Book — Data Conversion Products 
















Error LSB Amplitude (dB) Amplitude (dB) 
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TYPICAL PERFORMANCE CURVES 

±V CC = ±15V, +V DD1 = +5V, -V DD2 = -5.2V, R s = 500, 5.12MHz sampling rate, 15-minute warmup, and T c = +25°C, unless otherwise noted. 


2.3MHz SPECTRAL PERFORMANCE 1 00kHz SPECTRAL PERFORMANCE 



0 0.640 1.281 1.921 2.561 0 0.648 1.296 1.944 2.592 


Frequency (MHz) Frequency (MHz) 


UNDERSAMPLING AT 5.0MHz 


TWO TONE INTERMODULATION DISTORTION 



Frequency (MHz) 


Frequency (MHz) 


100kHz DIFFERENTIAL LINEARITY ERROR 



2.3MHz DIFFERENTIAL LINEARITY ERROR 
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TYPICAL PERFORMANCE CURVES (CONT) 

±V CC = ±15V, +V DD1 = +5V, -V DD2 = -5.2V, R s = 50Q, 5.12MHz sampling rate, 15-minute warmup, and T c = +25°C, unless otherwise noted. 



Case Temperature (°C) 


Case Temperature (°C) 
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SPURIOUS FREE DYNAMIC RANGE 
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THEORY OF OPERATION 

The ADC614 is a two-step subranging analog-to-digital 
converter. This architecture is shown in Figure 1. The major 
system building blocks are: sample/hold amplifier, MSB 
flash encoder, DAC and error amplifier, LSB flash encoder, 
digital error corrector, and timing circuits. The ADC614 
uses hybrid technology with laser-trimmed integrated cir- 
cuits mounted in a multilayer ceramic package to integrate 
this complex circuit into a complete analog-to-digital con- 
verter subsystem with state-of-the-art performance. 

Conceptually, the subranging technique is simple: sample 
and hold the input signal, convert to digital with a coarse 
ADC, convert back to analog with a coarse-resolution (but 
high-accuracy) DAC, subtract this voltage from the S/H 
output, amplify this “remainder,” convert to digital with a 
second coarse ADC, and combine the digital output from the 
first ADC (MSB) with the digital output from the second 
ADC (LSB). In practice, however, achieving high conver- 
sion speed without sacrificing accuracy is a difficult task. 

The analog input signal is sampled by a high-speed sample/ 
hold amplifier with low distortion, fast acquisition time and 
very low aperture uncertainty (jitter). A diode bridge sam- 
pling switch is used to achieve an acceptable compromise 
between speed and accuracy. The diode bridge switching 
transients are buffered from the analog input by a high input 
impedance buffer amplifier. Since the hold capacitor does 
not appear in the feedback of the diode bridge output buffer. 


the capacitor can acquire the signal in 65ns. The low-bias- 
current output buffer is then required to settle to only the 
resolution (8 bits) of the first (MSB) flash encoder in 65ns, 
while an additional 85ns is allowed for settling to the 
resolution (14 bits) of the second (LSB) flash encoder. 
Sample/hold droop appears as only an offset error and does 
not effect linearity. 

Both the MSB and the LSB flash encoder (ADC) functions 
are performed by one 8-bit flash encoder. The DAC voltage 
reference is also used to generate reference voltages for the 
MSB and LSB encoder to compensate drift errors. Buffering 
and scaling amplifiers are laser-trimmed to minimize voltl 
age offset errors and optimize gain (input full-scale range! 
symmetry. 

The subtraction DAC is an ECL 8 -bit resolution monolithic 
DAC with 14-bit accuracy. Laser-trimmed thin-film nichrome 
resistors and high-speed bipolar circuitry allow the DAC 
output to settle to 14-bit accuracy in only 35ns. 

A “remainder” or coarse conversion-error voltage is gener- 
ated by resistively subtracting the DAC output from the 
output of the sample/hold amplifier. Before the second 
(LSB) conversion, the “remainder” is amplified by a wideband 
fast-settling two-input amplifier with a gain of 32V/V. To 
prevent overload on large amplitude transients, the active 
input is switched off to blank the amplifier input from the 
beginning of the S/H acquisition time to the end of the MSB 
encoder update time. 



Gain 

Adjust 


FIGURE 1. ADC614 Block Diagram — A Two-Step Subranging Architecture. 
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Internal timing circuits (ECL logic is used internally) supply 
all the critical timing signals necessary for proper operation 
of the ADC614. Some noncritical timing signals are also 
generated in the digital error correction circuitry. Timing 
signals are laser-trimmed for both pulse width and delay. 
ECL logic is used for its speed, low noise characteristics and 
timing delay stability over a wide range of temperatures and 
power supply voltages. Basic timing is derived from the 
output of a three-stage shift register driven by a synchro- 
nized 20MHz oscillator. 

The convert command pulse is differentiated to allow trig- 
gering by pulses from as narrow as 10ns to as wide as 80% 
duty cycle. 

The ADC614 timing technique generates a variable width 
S/H gate pulse which is determined by the conversion 
command pulse period minus a fixed 135ns ADC conver- 
sion time. ADC614 conversion rates are therefore possible 
somewhat above the 5.12MHz specification but S/H acqui- 
sition time is sacrificed and accuracy is rapidly degraded. 

The output of the MSB and LSB encoders are read into 
separate 8-bit latches. The latched MSB data, along with the 
latched LSB data, is then read into a 16-bit latch after the 
leading edge of the LSB strobe and before being applied to 
the adder, where the actual error correction takes place. 
These latches eliminate any critical timing problems that 
could result when the converter is operated at the maximum 
conversion rate. 

The function of the digital error correction circuitry is to 
assemble the 8-bit words from the two flash encoders into a 
14-bit output word. 

The 16-bit register output is then sent to a 14-bit adder where 
the final data output word is created. The MSB data forms 
the most significant eight bits of a 14-bit word, with the last 
six bits being assigned zeros. In a similar fashion, the LSB 
data from the least significant bits forms the other input to 
the adder, with the first six bits being assigned zeros. As two 
14-bit words are being added, the output of the adder could 
exceed 14 bits in range; however, the final data output is 
only a 14-bit word, so a means of detecting an overrange is 
included to prevent reading erroneous data. The converter 
data output is forced to all ones for a full-scale input or 
overrange. The data output does not “roll-over” if the con- 
verter input exceeds its specified full-scale range of ±1.25V. 

DISCUSSION OF 
PERFORMANCE 

DYNAMIC PERFORMANCE TESTING 

The ADC614 is a very high performance converter and 
careful attention to test techniques is necessary to achieve 
accurate results. Spectral analysis by application of a fast 
Fourier transform (FFT) to the ADC digital output will 
provide data on all important dynamic performance param- 
eters: spurious free dynamic range (SFDR), signal- to-noise 
ratio (SNR) or the more severe signal-to-noise-and-distor- 
tion ratio (SINAD), and intermodulation distortion (IMD). 


A typical test setup for performing high-speed FFT testing 
of analog-to-digital converters is shown in Figure 2 and 3. 
Highly accurate phase-locked signal sources allow high 
resolution FFT measurements to be made without using 
window functions. By choosing appropriate signal frequen- 
cies and sample rates, an integral number of signal fre- 
quency periods can be sampled. As no spectral leakage 
results, a “rectangular” window (no window function) can 
be used. This was used to generate the typical FFT perfor- 
mance curves shown on page 5. 

If generators cannot be phase-locked and set to extreme 
accuracy, a very low side-lobe window must be applied to 
the digital data before executing an FFT. A commonly used 
window such as the Hanning window is not appropriate for 
testing high performance converters; a minimum four-sample 
Blackman-Harris window is strongly recommended/ 0 To 
assure that the majority of codes are exercised in the ADC614 
(14 bits), a 4096-point FFT is taken. If the data storage RAM 
is limited, a smaller FFT may be taken if a sufficient number 
of samples are averaged (i.e., a 10-sample average of 512- 
point FFTs). 

DYNAMIC PERFORMANCE DEFINITIONS 

1 . Spurious Free Dynamic Range: 

Largest Harmonic Power (first 9 harmonics) 

Full Scale Power 

2. Intermodulation Distortion (IMD): 

Highest IMD Product Power (to 5th order) 
Sinewave Signal Power 

3. Signal-to-Noise Ratio (SNR): 

Sinewave Signal Power 
Noise Power 

4. Signal-to-(Noise + Distortion) (2) Ratio (SINAD): 

Sinewave Signal Power 
Noise + Harmonic Power (first 9 harmonics) 

IMD is referenced (3) to the larger of the test signals fj or f 2 . 
Five “bins” either side of peak are used for calculation of 
fundamental and harmonic power. The DC frequency bin is 
not included in these calculations as it is of little importance 
in dynamic signal processing applications. 

APPLICATION TIPS 

Attention to test set-up details can prevent errors that con- 
tribute to poor test results. Important points to remember 
when testing high performance converters are: 

1. The ADC analog input must not be overdriven. Using a 
signal amplitude slightly lower than FSR will allow a 
small amount of “headroom” so that noise or DC offset 
voltage will not overrange the ADC and “hard limit” on 
signal peaks. 
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FIGURE 2. Block Diagram of FFT Test for SNR, SFDR and Swept-Power Test. 



FIGURE 3. Block Diagram of FFT Test for Two-Tone IMD. 
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9th Order 0.5dB Ripple 
Tchebychev Low-Pass Filter 


Attenuation at 2X cutoff frequency = 90dB. 

Cutoff frequency = -3dB frequency; to convert cutoff frequency to 
-0.5dB frequency, multiply all LC values by 0.98997. 
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FIGURE 4. Ninth-Order Harmonic Filter. 
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2. Two-tone tests can produce signal envelopes that exceed 
FSR. Set each test signal to slightly less than -6B to 
prevent “hard limiting” on peaks. 

3. Low-pass filtering (or bandpass filtering) of test signal 
generators is absolutely necessary for THD and IMD 
tests. An easily built LC low-pass filter (Figure 4) will 
eliminate harmonics from the test signal generator. Care 
must be taken not to saturate the filter. Saturation of these 
filters may cause odd order harmonics. 

4. Test signal generators must have exceptional noise per- 
formance to achieve accurate SNR measurements. Good 
generators together with fifth-order elliptical bandpass 
filters are recommended for SNR tests. Recommended 
generators are the Fluke 6080A or HP8644A. Narrow- 
bandwidth crystal filters can also be used to filter genera- 
tor broadband noise, but they should be carefully tested 
for operation at high levels. 

5. The analog input of the ADC614 should be terminated 
directly at the input pin sockets with the correct filter 
terminating impedance (50Q or 75Q), or it should be 
driven by a low output impedance buffer such as an 
OPA642. Short leads are necessary to prevent digital 
noise pickup. 

6. A low-noise (jitter) clock signal (convert command) 
generator is required for good ADC dynamic perfor- 
mance. A poor generator can seriously impair good SNR 
performance. A HP 8644A generator is a good clock 
source. Short leads are necessary to preserve fast TTL 
rise times. 

7. Two-tone testing will require isolation between test sig- 
nal generators to prevent IMD generation in the test 
generator output circuits. A passive (hybrid transformer) 
signal combiner can also be used (Figure 5) over a range 
of about 0.1MHz to 30MHz. This combiner's port-to-port 
isolation will be «45dB between signal generators and its 
input-output insertion loss will be «6dB. Distortion will 
be better than -85dBC. 

8. A very low side-lobe window must be used for FFT 
calculations if generators cannot be phase-locked and 
set to exact frequencies. A minimum four- sample 
Blackman-Harris window function is recommended.® 

9. Floating inputs can eliminate ground-loop noise. A 
simple common-mode choke shown in Figure 6 and 7, 
or a single-ended amplifier (Figure 8 and 9) can be used 
for gain. Optimized harmonic performance can only be 
achieved with a very low distortion buffer. Burr-Brown 
OPA642 is an ideal op amp for driving the ADC614. 

10. Digital data must be latched into an external TTL 14-bit 
register, preferably using the convert command pulse 
(Figures 10 and 11). Latches should be mounted on PC 
boards in very close proximity to the ADC614. Avoid 
long leads. 


11. Do not overload the data output logic. These outputs are 
designed to drive 2 TTL loads. Do not connect ADC614 
data output pins directly to a noisy digital bus; use 
external 3-state logic for noise immunity. 

12. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response/ 4 - 5) Proper 
grounding and bypassing, short lead lengths, separation 
of analog and digital signals, and the use of ground 
planes are particularly important for high frequency 
circuits. Multilayer PC boards are recommended for 
best performance, but a two-sided PC board with large, 
heavy (20oz-foil) ground planes can give excellent 
results, if carefully designed. 

13. Prototyping “plug-boards” or wire- wrap boards will not 
be satisfactory. 

14. Connect analog and digital ground pins of the ADC614 
directly to the ground plane. In our experience, connect- 
ing these pins to a common ground plane gives the best 
results. Analog and digital power supply commons 
should be tied together at the ground plane. Adding 
power supply and ground-return filtering (6) is optional 
and may improve noise rejection. The manual for the 
evaluation board (DEM-ADC614-E) gives a recom- 
mended layout. 

15. If using a cable to drive the input of the ADC614, avoid 
reflections down the cable that could degrade dynamic 
performance by placing a 3dB attenuator at the end of 
the cable. Input amplitude should be doubled to main- 
tain signal amplitude. 

NOTES: 

1 . “On the Use of Windows for Harmonic Analysis with the Discrete Fourier 
Transform”, Fredric J. Harris. Proceedings of the IEEE, Vol. 66, No. 1, 
January 1978, pp 51-83. 

2. SINAD test includes harmonics whereas SNR does not include these 
important spurious products. 

3. If IMD is referenced to peak envelope power, distortion will be 6dB better. 

4. MECL System Design Handbook, 3rd Edition, Motorola Corp. 

5. Motorola MECL, Motorola Corp. 

6. Murata-Erie BNX002-01 . 

TIMING 

The ADC614 generates all necessary timing signals inter- 
nally. Only timing between Convert Command, Output 
Data, and Data Valid must be considered. Proper timing is 
shown in Figures 12 and 13. There are two methods for 
reading output data, offering three selectable levels of data 
pipeline delay as described below: 

(1) Convert Command timing option (pin 29 = HIGH) — 

With this option, the Convert Command signal is used both 
for initiating a new conversion and for reading valid data 
from a previous conversion. This method is most useful in 
synchronous systems where data samples are taken continu- 
ously. See Figure 12 for timing relationships. 

Pin 28 is used to control the amount of pipeling delay. If pin 
28 is held LOW, then output data “N-2” will be valid on the 
rising edge of Convert Command “N”. If pin 28 is held 
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HIGH, then output data “N-3” will be valid on the rising 
edge of Convert Command “N”. These timing relationships 
are valid at any conversion rate up to 5.12MHz, the data 
setup time before the rising Convert Command edge is about 
50ns. 

(2) Data Valid timing option (pin 29 = LOW) — With this 
option, data from conversion “N” becomes valid after a 
fixed delay from the rising edge of Convert Command “N”. 
The delay is about 165ns . At about t = 185ns, the Data Valid 
strobe signal will rise. This strobe signal may be connected 
directly to the clock input of the external data latches, 
providing a data setup time of approximately 20ns. 

See Figure 13 for timing relationships. Pin 28 must be left 
HIGH at all times when using the Data Valid timing option. 

This method does not require subsequent conversions in 
order to read the data (ie, single-shot conversion capability). 
Therefore, the Data Valid option is useful in systems where 
the very first data latch output after power-up must represent 
a valid conversion. 



DATA LATCHED BY 

DATA LATCHED BY 


CONVERT COMMAND 

DATA VALID STROBE 

PIN NUMBER 

N-2 

N-1 

N-1 

28 

HI 

LO 

HI 

29 

HI 

HI 

LO 


TABLE I. Pipeline Delay Selection Logic. 


INPUT VOLTAGE 
(EXACT CENTER OF CODE) 

DIGITAL DATA OUTPUT LOGIC CODING 

BINARY TWO S 
COMPLEMENT (BTC) 
PIN 27 = LO 

INVERTED BINARY 
TWO'S COMPLEMENT 
(BTC) PIN 27 = HI 

+FS (+1 .25V) 

+FS -1LSB(+1 .24985V) 
+FS -2LSB (+1.24969V) 
+3/4 FS (+0.9375V) 

+1/2 FS (+0.6250V) 

+1/4 FS (+0.3 125V) 

+1 LSB (+152|iV) 

Bipolar Zero (OV) 

-1 LSB (— 1 52jxV) 

— 1 /4 FS (-0.31 25V) 

-1/2 FS (-0.625V) 

-3/4 FS (— 0.9375V) 

— FS + 1 LSB (-1 ,24985V) 
-FS (-1.25V) 

0111111111111H 1 ) 

01111111111111 

01111111111110 

01100000000000 

01000000000000 

00100000000000 

00000000000001 

00000000000000 

11111111111111 

11100000000000 

11000000000000 

10100000000000 

10000000000001 

10000000000000 

lOOOOOOOOOOOOOf 1 ) 

10000000000000 

10000000000001 

10011111111111 

10111111111111 

11011111111111 

11111111111110 

11111111111111 

00000000000000 

00011111111111 

00111111111111 

01011111111111 

01111111111110 

01111111111111 


MSB LSB MSB LSB | 


NOTE: (1) Indicates overrange condition. 


TABLE II. Coding Table for 14-bit ± 1 .25 V ADC Function. 


Data should be latched into external TTL latches that can 
operate reliably with a set-up time of 6ns minimum. Two 
74F574 hex latches are recommended. 

DATA OUTPUT 

Output logic inversion can be accomplished by program- 
ming pin 27. Binary Two’s Complement or Inverted Binary 
Two's Complement output data format is available (Table 

II). 

The ADC614 output logic is TTL compatible. The 3-state 
output is controlled by ENABLE pin 25. For normal opera-1 
tion pin 25 will be tied LO. A logic HI on pin 25 will switch! 
the output data register to a high-impedance state (Figure^ 
14). Output OFF leakage current I 0ZL and I OZH will be less 
than 50pA over the converter's specified operating tempera- 
ture range. The 3-state output should be isolated from noisy 
digital bus lines as the noise can couple back through the 
OFF data register and create noise in the ADC. 

DIGITAL INPUTS 

Logic inputs are TTL compatible. Open inputs will assume 
a HI logic state; unused inputs may be allowed to float or 
they may be tied to an appropriate TTL logic level. 

OFFSET AND GAIN ADJUSTMENT 

The ADC614 is carefully laser-trimmed to achieve its rated 
accuracy without external adjustments. If desired, both gain 
error and input offset voltage error may be trimmed with 
external potentiometers (Figure 15). Trim range is typically 



FIGURE 6. Floating-Input Baiun Transformer. 
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only 0.1%; large offsets and gain changes should be made 
elsewhere in the system. Using an input buffer amplifier is 
the preferred way for injecting offset voltages and making 
wide gain adjustments. 


typical for the LH grade. When the input is grounded, the 
RMS noise of the ADC614 is 72pV, and 99.7% of all codes 
will fall within a span of four codes. This figure represents 
the entire noise contribution of the ADC614. 


THERMAL REQUIREMENTS 

The ADC614 is tested and specified over a temperature 
range of 0°C to +85 °C. The converters are tested in a forced- 
air environment with a 10 SCFM air flow. The ADC614 can 
be operated in a normal convection ambient air environ- 
ment, provided the case temperature does not exceed the 
upper limit of its specification. 

Proper heat transfer can be assured by placing a small heat 
sink (#0808HS) and an appropriately sized piece of lOmil. 
Berquist Sil-Pad 400 between the unit and PC board ground 
plane. Refer to Figure 16 for details. 

High junction temperature can be avoided by using forced- 
air cooling, but it is not required at moderate ambient 
temperatures. Thermal resistance of the ADC614 package 
is: 6 JC = 4.8°C/W. measured to the underside of the case. 

NOISE FIGURE 

The noise figure is defined as the degradation of signal-to- 
noise ratio as an analog input is processed through the 
ADC614. An approximation of the noise figure of the 
ADC614 can be derived from the SNR specifications. 

The signal-to-noise ratio of the ADC614 is measured typi- 
cally at 78dB. The full-scale input signal of the ADC614 is 
+12dBm, so the noise level at the output of the ADC614 is 
-66dBm for the 2.56MHz band. The input noise is derived 
from the formula: 

N = lOlog (4kTB/0.001) = -168dBm 

The noise figure can be calculated using the following 
equation: 

NF = output noise - (lOlog BWo/BWi) - input noise 
NF = -66dB - 64dB - (-168dB) = 38dB 

An important consideration when using the Noise Figure for 
an analog-to-digital converter is the effect of input signal 
range on the noise figure. As the input range increases, the 
noise figure directly decreases. The best indicator of the 
noise performance of the ADC614 is SNR, which is -78dB 


CUSTOM SCREENING OPTIONS 

Custom screened versions of the ADC614 are available. 
Screening may include extended temperature ranges, higher 
guaranteed dynamic specifications, additional enviromental 
screens, higher sampling rates, etc. Inquire with your local 
sales representative or contact factory. 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con- 
trolled by the design, materials, and fabrication of the 
device — it cannot be improved by testing. However, the use 
of enviromental screening can eliminate the majority of 
those units which would fail early in their lifetimes (infant 
mortality) through the application of carefully selected ac- 
celerated stress levels. Burr-Brown “Q-screening” provides 
enviromental screening to our standard industrial products, 
thus enhancing reliability. The screening illustrated in 
Table III is performed to selected levels similar to those of 
MIL-STD-883. The “Q” version of the ADC614KH and LH 
guarantee data sheet specifications over -25°C to +85°C. 


SCREEN 

METHOD 

Internal Visual 

Burr-Brown QC41 1 8 

Stabilization Bake 

Temperature = 125°C, 24hrs 

Temperature Cycling 

Temperature = -55°C to +125°C 

10 cycles 

Burn-in Test 

85°C, 160 Hours Minimum 
(Parallel Exitation) 

Hermetic Seal 

Fine: He leak rate < 1x10 7 atm cc/S 
Gross: Perfluorocarbon Bubble Test 

Electrical Tests 

Static at 25°C, per Table 1 

Dynamic at 0°C, +25°C, 

+85°C, per Table 1 

External Visual 

Burr-Brown QC5150 


TABLE III. ADC614 Q-Screening Methods. 



FIGURE 8. Single Ended Input Amplifier (Gain = -1V/V). 



-2V/V). 
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FIGURE 10. Interface Circuit — Digital Output Strobed by Convert Command. Supply connection shown: power supplies and 
grounds shared by analog and digital pins using common ground plane. Optimum noise performance is achieved 
when strobing the output data with the convert command. 
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FIGURE 11. Interface Circuit — Digital Output Strobed by Data Valid Pulse. Supply connection shown: power supplies and 
grounds shared by analog and digital pins, using common ground plane. 
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NOTES: (1) t CID = delay time from Convert Command to Invalid Data. Typical value = 65ns. Independent of conversion rate. (2) t CVD = Delay time from Convert 
Command to Valid Data. Typical Value = 150ns. Independent of conversion rate. (3) The {^] symbol indicates the portion of the waveform that will “stretch out” 
at lower conversion rates. (4) t CH = delay time from Convert Command to the internal hold command. Typical value = 6ns. Independent of conversion rate. (5) t DSU 
= data set-up time. This depends on conversion rate and may be calculated by: t = — 1 
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FIGURE 12. Convert Command Strobe Timing for a 5MHz Conversion Rate. 
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NOTES: (1) t CDL = delay time from Convert Command to the falling edge of Data Valid strobe. Typical value = 140ns. Independent of conversion rate. (2) t^ 0H = 
delay time from Convert Command to the rising edge of Data Valid strobe. Typical value = 1 95ns. Independent of conversion rate. (3) t cl0 = delay time from Convert 
Command to Invalid Data. Typical value = 65ns. Independent of conversion rate. (4) t CVD = delay time from Convert Command to Valid Data. Typical Value = 1 88ns. 
Independent ofconversion rate. (5) t CH = delay time from Convert Command to the internal hold command. Typical value = 6ns. Independent of conversion 
rate. (6) The 1^3 symbol indicates the portion of the waveform that will “stretch out” at lower conversion rates. (7) t DSU = data setup time. Typical value = 7ns. 
Independent of conversion rate. 


FIGURE 13. Data Valid Strobe Timing for a 5MHz Conversion Rate. 
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BURR - BROWN C 




ADC674A 

ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-551 . 


Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• COMPLETE 12-BIT A/D CONVERTER 
WITH REFERENCE, CLOCK, AND 8-, 12-, 
OR 16-BIT MICROPROCESSOR BUS 
INTERFACE 

• IMPROVED PERFORMANCE SECOND 
SOURCE FOR ADC574A/674A-TYPE A/D 
CONVERTERS 

Conversion Time: 15jlis max 
Bus Access Time:150ns max 
A 0 Input: Bus Contention During Read 
Operation Eliminated 

• FULLY SPECIFIED FOR OPERATION ON 
±1 2V OR ±1 5V SUPPLIES 

• NO MISSING CODES OVER 
TEMPERATURE: 

0°C to +75°C ADC674AJH, KH, JP, KP 
Grades 

-55°C to +125°C (ADC674ASH, TH 
Grades) 


DESCRIPTION 

The ADC674A is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom-designed 
for freedom from latch-up and for optimum AC perfor- 
mance. It is complete with a self-contained +10V 
reference, internal clock, digital interface for micropro- 
cessor control, and three-state outputs. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excellent 
stability over temperature. Full-scale and offset errors 
may be externally trimmed to zero. Internal scaling 
resistors are provided for the selection of analog input 
signal ranges of OV to +10V, OV to +20V, ±5V, and 
±10V. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for 15ps maximum. 

Output data are available in a parallel format from 
TTL-compatible three-state output buffers. Output data 
are coded in straight binary for unipolar input signals 
and bipolar offset binary for bipolar input signals. 
The ADC674A, available in both industrial and 
military temperature ranges, requires supply voltages 
of +5V and ± 12V or ±15V. It is packaged in a 28-pin 
plastic DIP, or hermetic side-brazed ceramic DIP. 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, V cc = ±12V or +15V, V EE = -12V or -15VDC, V LOGlc = +5V, unless otherwise noted. 



ADC674AJP,JH,SH 

ADC674AKP,KH,TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOULUTION 



12 



* 

Bits 

ANALOG INPUTS 









Voltage Ranges: Unipolar 


0 to +10,0 to +20 


* 


V 

Bipolar 



±5, ±10 



* 


V 

Impedance: 0 to +10V, ±5V 

4.7 


5 

5.3 

* 

* 

* 

kn 

±10V, OV to +20V 

9.4 


10 

10.6 

* 

* 

* 

kQ 

DIGITAL INPUTS (CE, CS, R/C, A 0 , 12/8) 

Over Temperature Range 

Voltages: Logic 1 

+2 



±5.5 




V 

Logic 0 

-0.5 



±0.8 

* 


* 

V 

Current 

-5 


0.2 

±5 

* 

* 

* 

pA 

Capacitiance 



5 



* 


pF 

TRANSFER CHARACTERISTICS 

ACCURACY 

At +25°C 




±1 



±1/2 

LSB 

Linearity Error 




±2 



* 

LSB 

Unipolar Offset Error (adjustable to zero) 

Bipolar Offset Error (adjustable to zero) 




±10 



±4 

LSB 

Full-Scale Calibration Error* 1 * (adjustable to zero) 




±0.25 



* 

% of FS (2) 

No Missing Codes Resolution (differential linearity) 

11 


±1/2 


12 



Bits 

Inherent Quantization Error 

Tmin to T max 








LSB 

Linearity Error: J, K Grades 




±1 



±1/2 

LSB 

S, T Grades 




±1 



±3/4 

LSB 

Full-Scale Calibration Error 









Without Initial Adjustment; J, K Grades 




±0.47 



±0.37 

% of FS 

S, T Grades 




±0.75 



±0.5 

% of FS 

Adjusted to zero at +25°C: J, K Grades 




±0.22 



±0.12 

% of FS 

S, T Grades 




±0.5 



±0.25 

% of FS 

No Missing Codes Resolution (differential linearity) 

11 




12 



Bits 

TEMPERATURE COEFFICIENTS (T M(N to T MAX )< 3 > 

Unipolar Offset: J, K Grades 




±10 



±5 

ppm/°C 

S, T Grades 




±5 



±2.5 

ppm/°C 

Max Change: All Grades 




±2 



±1 

LSB 

Bipolar Offset: All Grades 




±10 



±5 

ppm/°C 

Max Change: J, K Grades 




±2 



±1 

LSB 

S, T Grades 




±4 



±2 

LSB 

Full-Scale Calibration: J, K Grades 




±45 



±25 

ppm/°C 

S, T Grades 




±50 



±25 

ppm/°C 

Max Change: J, K Grades 




±9 



±5 

LSB 

S, T Grades 




±20 



±10 

LSB 

POWER SENSITIVITY 

Change in Full-Sclae Calibration 









+13.5V < V cc < +16.5V or +1 1.4V < V cc < +12.6V 




±2 



±1 

LSB 

+1 6.5V < V EE < +1 3.5V or -1 2.6V < V EE < -1 1 ,4V 




±2 



±1 

LSB 

+4.5V < V L0GIC < +5.5V 




±1/2 



* 

LSB 

CONVERSION TIME< 4 > 

8-Bit Cycle 

6 


8 

10 

* 

* 

* 

ps 

12-Bit Cycle 

9 


12 

15 

* 

* 

* 

ps 

DIGITAL OUTPUT (DB,, — DB 0 , Status) 

(Over Temperature Range) 









Outputs Codes:Unipolar 




Unipolar Straight Binary (USB) 



Bipolar 




Bipolar Offset Binary (BOB) 



Logic Levels: Logic 0 (I S1NK = 1 .6mA) 




+0.4 



* 

V 

Logic 1 Osource = 500pA) 

+2.4 




* 



V 

Leakage, Data Bits Only , High-Z State 

-5 


0.1 

+5 

* 

* 

* 

pA 

Capacitance 



5 



* 


PF 

INTERNAL REFERENCE VOLTAGE 

Voltage 

+9.9 


±10 

±10.1 


* 

* 

V 

Source Current Available for External Loads* 5 * 

2 




* 



mA 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, V cc = ±12V or +15V, V EE = -12V or -15VDC, V LOGlc = +5V, unless otherwise noted. 



ADC674AJP,AJH,ASH 

ADC674AKP,AKH,ATH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS 

Voltage: V cc +1 1 .4 


+16.5 

* 


* 

V 


V EE 

-11.4 


-16.5 

* 


* 

V 

Vlogic 

+4.5 


+5.5 

* 


* 

V 

Current: l cc 


3.5 

5 


* 

* 

mA 

*EE 


15 

20 


* 

* 

mA 

IlOGIC 


9 

15 


* 

* 

mA 

Power Dissipation (±15V Supplies) 


325 

450 


* 

* 

mW 

TEMPERATURE RANGE (Ambient: T M1N , T MAX ) 
Specification: K, J Grades 

0 


+75 



* 

°C 

S, T Grades 

-55 


+125 



* 

°C 

Storage 

-65 


+150 



* 

°C 


* Specifications same as ADC674AJP, AJH, ASH. 

NOTES: ( 1 ) With fixed 50£2 resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C (see Optional External Full Scale and Offset Adjustments 
section). (2) FS in this specification table means Full Scale Range. That is, for a±10V input range, FS means 20 V; for a 0 to +10V range, FS means 10V. The term 
Full Scale for these specifications instead of Full-Scale Range is used to be consistent with other vendor’s 674A type specification tables. (3) Using internal reference. 
(4) See Controlling the ADC674A section for detailed information concerning digital timing. (5) External loading must be constant during conversion. The reference output 
requires no buffer amplifier with either ±12V or±15V power supplies. 


ABSOLUTE MAXIMUM RATINGS 


V cc to Digital Common i 

V EE to Digital Common 

V logic t0 Digital Common 

Analog Common to Digital Common 

Control Inputs (CE, CS, A 0 , 12/8, R/C) 

to Digital Common 

Analog Inputs REF IN, BIP. OFF., 10V 1N ) 

to Analog Common 

20V, N to Analog Common 

REF OUT 

Max Junction Temperature 

Power Dissipation 

Lead Temperature (soldering, 10s) 

Thermal Resistance, 0 JA : Ceramic 

Plastic 


0 to +16.5V 

0 to -16.5V 

0 to +7V 

±1V 

-0.5V to V L0G1C +0.5V 

±16.5V 

±24V 

Indefinite Short to Common, 
Momentary Short to Vcc 

+165°C 

1 0OOmW 

+300°C 

50°C/W 

100°C/W 


CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 


BURN-IN SCREENING 

Bum-in screening is available for both plastic and ceramic 
package ADC674As. Bum-in duration is 160 hours at the 
temperature (or equivalent combination of time and tem- 
perature) indicated below: 

Plastic “-BI” models: +85°C 
Ceramic “-BI” models: +125°C 

All units are 100% electrically tested after bum-in is com- 
pleted. To order bum-in, add “-BI” to the base model 
number (e.g., ADC674AKP-BI). 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

LINEARITY 

ERROR, 

max (T MIN to T MAX ) 

ADC674AJP 

Plastic DIP 

0°C to +75°C 

±1LSB 

ADC674AKP 

Plastic DIP 

0°C to +75°C 

11/2LSB 

ADC674AJH 

Ceramic DIP 

0°C to +75°C 

±1LSB 

ADC674AKH 

Ceramic DIP 

0°C to +75°C 

±1/2LSB 

ADC674ASH 

Ceramic DIP 

-55°C to +125°C 

±1LSB 

ADC674ATH 

Ceramic DIP 

-55 °C to +125°C 

±3/4LSB 

BURN-IN SCREENING OPTION 



See text for details. 






BURN-IN 



TEMPERATURE 

TEMPERATURE 

MODEL 

PACKAGE 

RANGE 

(160 Hours)* 1 ) 

ADC674AJP-BI 

Plastic DIP 

0°C to +75°C 

+85°C 

ADC674AKP-BI 

Plastic DIP 

0°C to +75°C 

+85°C 

ADC674AJH-BI 

Ceramic DIP 

0°C to +75°C 

+125°C 

ADC674AKH-BI 

Ceramic DIP 

0°C to +75°C 

+125°C 

ADC674ASH-BI 

Ceramic DIP 

-55°C to +1 25°C 

+125°C 

ADC674ATH-BI 

Ceramic DIP 

-55°C to +125°C 

+125°C 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC674AJP 

Plastic DIP 

215 

ADC674AKP 

Plastic DIP 

215 

ADC674AJH 

Ceramic DIP 

149 

ADC674AKH 

Ceramic DIP 

149 

ADC674ASH 

Ceramic DIP 

149 

ADC674ATH 

Ceramic DIP 

149 

ADC674AJP-BI 

Plastic DIP 

215 

ADC674AKP-BI 

Plastic DIP 

215 

ADC674AJH-BI 

Ceramic DIP 

149 

ADC674AKH-BI 

Ceramic DIP 

149 

ADC674ASH-BI 

Ceramic DIP 

149 

ADC674ATH-BI 

Ceramic DIP 

149 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


NOTE: (1) Or equivalent combination of time and temperature. 
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PIN CONFIGURATION 



Status 

DB1 1 (MSB) 

DBIO 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 


CONTROLLING THE ADC674A 

The Burr-Brown ADC674A can be easily interfaced to most 
microprocessor systems and other digital systems. The mi- 
croprocessor may take full control of each conversion, or the 
converter may operate in a stand-alone mode, controlled 
only by the R/C input. Full control consists of selecting an 
8- or 1 12-bit conversion cycle, initiating the conversion, and 
the output data when ready — choosing either 12 bits all at 
once, or 8 bits followed by 4 bits in a left-justified format. 
The five control inputs (12/8, CS, A 0 , R/C, and CE) are all 
TTL-/CMOS-compatible. The functions of the control in- 
puts are described in Table I. The control function truth table 
is listed in Table II. 


CE 

CS 

R/C 

12/8 

A 0 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

T 

0 

0 

X 

0 

Initiate 1 2-bit conversion 

t 

0 

0 

X 

1 

Initiate 8-bit conversion 

1 

1 

0 

X 

0 

Initiate 1 2-bit conversion 

1 

i 

0 

X 

1 

Initiate 8-bit conversion 

1 

0 

i 

X 

0 

Initiate 1 2-bit conversion 

1 

0 

i 

X 

1 

Initiate 8-bit conversion 

1 

0 

1 

1 

X 

Enable 12-bit output 

1 

0 

1 

0 

0 

Enable 8 MSBs only 

1 

0 

1 

0 

1 

Enable 4 LSBs plus 4 






trailing zeros 


TABLE II. Control Input Truth Table. 


PIN 

DESIGNATION 

DEFINITION 

FUNCTION 

CE (Pin 6) 

Chip Enable 
(active high) 

Must be high (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a 
conversion. 

CS (Pin 3) 

Chip Select 
(active low) 

Must be low (“0”) ot either initiate a conversion or read output data. 1-0 edge may be used to initiate a conversion. 

R/C (Pin 5) 

Read/Convert 
(“1” = read) 

(“0” = convert) 

Must be low (“0”) to initiate either 8 or 12-bit conversions. 1-0 edge may be used to initiate a conversion. Must be 
high (“1”) to read output data. 0-1 edge may be used to initiate a read operation. 

Ao (Pin 4) 

Byte Address 

Short Cycle 

In the start-convert mode, A 0 selects 8-bit (A Q = “1”) or 12-bit (Aq = “0”) conversion mode. When reading output 
data in two 8-bit bytes, A 0 = “0” accesses ±8MSBs (high byte) and A 0 = “1 ” accesses 4LSBs and trailing “0s” (low 
byte). 

12/8 (Pin 2) 

Data Mode Select 
(“1” = 12-bits) 

(“0” = 8-bits) 

When reading output data. 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0” will enable the MSBs 
or LSBs as determined by the A 0 line. 


TABLE I. ADC674A Control Line Functions. 
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STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is accom- 
plished by a single control line connected to R/C. In this 
mode CS and A 0 are connected to digital common and CE 
and 12/8 are connected to V LO gic (+5V). The output data are 
presented as 12-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not 
require full bus interface capability. 

Conversion is initiated by a high-to-low transition of R/C. 
The three-state data output buffers are enabled when R/C is 
high and STATUS is low. Thus, there are two possible 
modes of operation; conversion can be initiated with either 
positive or negative pulses. In either case, the R/C pulse 
must remain low for a minimum of 50ns. 

Figure 1 illustrates timing when conversion is initiated by an 
R/C pulse which goes low and returns to the high state 
during the conversion. In this case, the three-state outputs go 
to die high-impedance state in response to the falling edge of 
R/C and are enabled for external access of the data after 
completion of the conversion. Figure 2 illustrates the timing 
when conversion is initiated by a positive R/C pulse. In this 
mode, the output data from the previous conversion is 
enabled during the positive portion of R/C. A new conver- 
sion is started oh the falling edge of R/C, and the three-state 
outputs return to the high impedance state until the next 
occurrence of a high R/C pulse. Timing specifications for 
stand-alone operation are listed in Table III. 



FIGURE 1. R/C Pulse Low — Outputs Enabled After Con- 
versions. 



FIGURE 2. R/C Pulse High — Outputs Enabled Only While 
R/C is High. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

^HRL 

Low R/C Pulse Width 

50 



ns 

^DS 

STS Delay from R/C 



200 

ns 

Ldr 

Data Valid After R/C Low 

25 



ns 

t H S 

STS Delay After Data Valid 

300 

400 

1000 

ns 

Lrh 

High R/C Pulse Width 

150 



ns 

tpDR 

Data Access Time 



150 

ns 


TABLE III. Stand-Alone Mode Timing. 


FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the state 
of the A 0 input, which is latched upon receipt of a conver- 
sion start transition (described below). If A 0 is latched high, 
the conversion continues for 8 bits. The full 12-bit conver- 
sion will occur if A 0 is low. If all 12 bits are read following 
an 8-bit conversion the 3LSBs (DB0-DB2) will be low 
(logic 0) and DB3 will be high (logic 1). A 0 
is latched because it is also involved in enabling the output 
buffers. No other control inputs are latched. 

CONVERSION START 

The converter is commanded to initiate conversion by a 
transition occurring on any of three logic inputs (CE, CS, 
and R/C) as shown in Table II. Conversion is initiated by the 
last of the three to reach the required state and thus all three 
may be dynamically controlled. If necessary, all three may 
change states simultaneously, and the nominal delay time is 
the same regardless of which input actually starts conver- 
sion. If it is desired that a particular input establish the actual 
start of conversion, the other two should be stable a mini- 
mum of 50ns prior to the transition of that input. Timing 
relationships for start of conversion timing are illustrated in 
Figure 3. The specifications for timing are contained in 
Table IV. 
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SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Convert Mode 






*DSC 

STS Delay from CE 


60 

200 

ns 

*HEC 

CE Pulse Width 

50 

30 


ns 

*SSC 

CS to CE Setup 

50 

20 


ns 

*HSC 

CS Low During CE High 

50 

20 


ns 

*SRC 

R/C to CE Setup 

50 

0 


ns 

Wc 

R/C Low During CE High 

50 

20 


ns 

*SAC 

A 0 To CE Setup 

0 



ns 

^HAC 

A q Valid During CE high 

50 

20 


ns 


Conversion Time, 1 2 Bit Cycle 

9 

12 

15 

ps 


8 Bit Cycle 

6 

8 

10 

ps 

Read Mode 






too 

Access Time From CE 


75 

150 

ns 

t H0 

Data Valid After CE Low 

25 

35 


ns 

t HL 

Output Float Delay 


100 

150 

ns 

*SSR 

CS to CE Setup 

50 

0 


ns 

^SRR 

R/C to CE Setup 

0 



ns 

^SAR 

A 0 to CE Setup 

50 

25 


ns 

*HSR 

CS Valid After CE Low 


0 


ns 

flRR 

R/C high After CE Low 


0 


ns 

^HAR 

A 0 Valid After CE Low 


50- 


ns 


STS delay After Data Valid 

100 

300 

600 

ns 

NOTE: Specifications are at + 25°C and measured at 50% level of transitions. 


TABLE IV. Timing Specifications 


The STATUS output indicates the current state of the con- 
verter by being in a high state only during conversion. 
During this time the three state output buffers remain in a 
high-impedance state, and therefore data cannot be read 
during conversion. During this period additional transitions 
of the three digital inputs which control conversion will be 
ignored, so that conversion cannot be prematurely termi- 
nated or restarted. However, if A 0 changes state after the 
beginning of conversion, any additional start conversion 
transition will latch the new state of A 0 , possibly resulting in 
an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: R/C high, STATUS low, 
CE high, and CS low. Upon satisfaction of these conditions 
the data lines are enabled according to the state of inputs 
12/8 and A 0 . See Figure 4 and Table IV for timing relation- 
ships and specifications. 
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FIGURE 4. Read Cycle Timing. 


The information provided herein is believed to be reliable: however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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16-Bit Resolution With Microprocessor Interface 


A/D CONVERTER 


FEATURES 

• COMPLETE WITH REFERENCE, CLOCK, 
8-BIT PORT MICROPROCESSOR 
INTERFACE 

• CONVERSION TIME: 17ps max 

• LINEARITY ERROR: ±0.003% FSR max 

• NO MISSING CODES TO 14 BITS OVER 
TEMPERATURE 

• SPECIFIED AT ±12V AND ±15V SUPPLIES 

• OUTPUT BUFFER LATCH FOR IMPROVED 
INTERFACE TIMING FLEXIBILITY 

• PARALLEL AND SERIAL DATA OUTPUT 

• SMALL PACKAGE: 28-Pin DIP 

DESCRIPTION 

The ADC700 is a complete 16-bit resolution succes- 
sive approximation analog-to-digital converter. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 


The clock oscillator is current-controlled for excellent 
stability over temperature. Gain and Zero errors may 
be externally trimmed to zero. Analog input ranges of 
0V to +5V, 0V to +10V, 0V to +20V, ±2.5V, ±5V, and 
±10V are available. 

The conversion time is 17 jus max for a 16-bit conver- 
sion over the three specification temperature ranges. 

After a conversion, output data is stored in a latch 
separate from the successive approximation logic. This 
permits reading data during the next conversion, a 
feature that provides flexible interface timing, espe- 
cially for interrupt-driven interfaces. 

Data is available in two 8-bit bytes from TTL-compat- 
ible three-state output drivers. Output data is coded in 
Straight Binary for unipolar input signals and Bipolar 
Offset Binary or Twos complement for bipolar input 
signals. BOB or BTC is selected by a logic function 
available on one of the pins. 

The ADC700 is available in commercial, industrial 
and military temperature ranges. It is packaged in a 
hermetic 28-pin side-braze ceramic DIP. 


Data Serial Data 


Ready Status Strobe Serial Data 



Parallel 

Data 
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SPECIFICATIONS 


ELECTRICAL 

T a = 25°C and at rated supplies: V DD = +5V, +V CC = +12V or +15V, -V cc = -12V or -15V unless otherwise noted. 



ADC700JH,AH,RH 

ADC700KH,BH,SH 


CHARACTERISTICS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 



* 

Bits 

ANALOG INPUTS 









Voltage Ranges 

Bipolar 


±2.5, ±5, ±10 



* 



V 

Unipolar 

0 to +5, 0 to +1 0, 0 to +20 


* 



V 

Impedance (Direct Input) 









OV to +5V, ±2.5V 


2.5 ±1% 



* 



kQ 

OVto+IOV, ±5V 


5±1% 



* 



kO 

OV to +20V, ±10V 


10 ±1% 



* 



kfi 

DIGITAL SIGNALS (Over Specification Temperature Range) 








Inputs 









Logic Levels' 1 * 









V ,H 

+2.0 


+5.5 

* 



* 

V 

V ,l 

0 


+0.8 

* 



* 

V 

CM o 
+ + 
11 II 
>> 



±10 




* 

pA 



±20 




* 

pA 

Outputs 









Logic Levels 









V 0L (l 0L = -1.6mA) 



+0.4 




* 

V 

V 0H (l OH = +20pA) 

+2.4 



★ 




V 

'leakage 









Data Outputs Only, High Z 


10 



* 



nA 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Linearity Error 



±0.006 




±0.003 

% of FSR' 2 * 

Differential Linearity Error 



±0.012 




±0.006 

% of FSR 

Gain Error* 3 * 

Zero Error' 3 * 


±0.1 

±0.2 





% 

Bipolar Zero 


±0.1 

±0.2 


* 


* 

% of FSR 

Unipolar Zero 


±0.05 

±0.1 


* 


* 

% of FSR 

Noise at Transitions (3op-p) 

Power Supply Sensitivity 


±0.001 

±0.003 





% of FSR 

+V CC 


±0.0015 



* 



%FSR/%V CC 

-V cc 


±0.0015 



* 



%FSR/%V CC 

V DD 


±0.0005 



* 



%fsr/%v dd 

DRIFT (Over Specification Temperature Range) 









Gain Drift 

Zero Drift 


±8 

±15 





ppm/°C 

Bipolar Zero 


±5 

±10 


* 


* 

ppm of FSR/°C 

Unipolar Zero 


±2 

±4 


* 


* 

ppm of FSR/°C 

Linearity Drift 

No Missing Codes Temperature Range 


±1 

±3 




±2 

ppm of FSR/°C 

JH (13-bit), KH (14-bit) 

0 


+70 

* 



* 

°C 

AH (13-bit), BH (Mbit) 

-25 


+85 

* 



* 

°C 

RH (13-bit), SH (14-bit) 

-55 


+125 

* 



* 

°C 

CONVERSION TIME 16 bits 


15 

17 


* 

* 

ps 

WARM-UP TIME 

5 



* 



min 

OUTPUT DATA CODES' 4 * 

Unipolar Parallel 


USB 



* 




Bipolar Parallel' 5 * 


BTC, BOB 



* 




Serial Output (NRZ) 


USB, BOB 



* 




POWER SUPPLY REQUIREMENTS 

Voltage Range 









+v cc 

+11.4 

+15 

+16 

* 

* 


* 

VDC 

-V cc 

-11.4 

-15 

-16 

* 

* 


* 

VDC 

V dd 

+4.75 

+5 

+5.25 

* 

* 


* 

VDC 

Current' 5 ' 









+v cc 


+10 

+15 


* 


* 

mA 

-V cc 


-28 

-35 


* 


* 

mA 

v DD 


+17 

+20 


* 


* 

mA 

Power Dissipation 


645 

765 


* 


* 

mW 

TEMPERATURE RANGE 

Specification 









J, K Grades 

0 


+70 

* 



* 

°C 

A, B Grades 

-25 


+85 

* 



* 

°C 

R, S Grades 

-55 


+125 

* 



* 

°C 

Storage 

-65 


+150 





°C 
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TIMING SPECIFICATIONS <6) 

V DD = +5V, +V CC = +12V or +15V, -V cc = -12V or -15V unless otherwise noted. 


PARAMETER 

LIMIT AT 

T a = 25°C 

LIMIT AT 

T a = 0, +70°C 
-25°C, +85°C 

LIMIT AT 

T a = -55°C, +125°C 

UNITS 

DESCRIPTION 

CONVERSION AND SERIAL DATA OUTPUT TIMING | 

t, 

0 

0 

0 

ns, min 

CS to WR Setup time 

t 2 

110 

130 

145 

ns, max 

WR to Status delay 

t 3 

40 

40 

40 

ns, min 

WR pulse width 

t 4 

0 

0 

0 

ns, min 

CS to WR Hold time 

t 5 

15 

17 

17 

|xs, max 

Conversion time 

t 6 

550 

600 

650 

ns, max 

Data Ready to Status time 

t 7 

1100 

1150 

1250 

ns, max 

WR to first Serial Data Strobe 

t 8 

250 

210 

200 

ns, min 

First Serial Data to first Serial Data Strobe 

t 9 

310 

360 

400 

ns, max 

Last Serial Data Strobe to Status 

t,o 

0 

0 

0 

ns, min 

Status to WR Setup time 

PARALLEL DATA OUTPUT TIMING j 

l n 

0 

0 

0 

ns, min 

HBEN to RD Setup time 

t 12 

0 

0 

0 

ns, min 

CS to RD Setup time 

V 7) 

50 

58 

66 

ns, max 

High Byte Data Valid after RD 






C L = 20pF (High Byte bus access time) 


70 

81 

95 

ns, max 

High Byte Data Valid after RD 






C L = lOOpF (High Byte bus access time) 

t, 4 

40 

40 

40 

ns, min 

RD pulse width 


40 

45 

50 

ns, max 

Data Ready delay from RD (HBEN asserted) 

t (8) 
l 16 

50 

60 

65 

ns, max 

Data Hold time after RD (bus relinquish time) 

t i7 

0 

0 

0 

ns, min 

RD to CS Hold time 

*18 

0 

0 

0 

ns, min 

RD to HBEN Hold time 

RESET TIMING | 

*19 

60 

70 

80 

ns, max 

Data Ready low delay from Reset 


70 

81 

95 

ns, max 

Status low delay from Reset 


‘Same specs as ADC700JH, AH, RH. 

NOTES: (1) TTL, LSTTL, and 5V CMOS compatible. (2) FSR means Full Scale Range. For example, unit connected for±10V range has 20 V FSR. (3) Externally 
adjustable to zero. (4) See Table I. USB - Unipolar Straight Binary; BTC - Binary Two’s Complement; BOB - Bipolar Offset Binary; NRZ - Non Return to Zero. (5) 
Max supply current is specified at rated supply voltages. (6) All input control signals are specified with t RISE = t FALL = 5ns (10% to 90% of 5V) and timed from a voltage 
level of 1 .6V. (7) t 13 is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. (8) t 16 is defined as the time required 
for the data lines to change 0.5V when loaded with the circuits of Figure 2. 


ABSOLUTE MAXIMUM RATINGS 


+V DD to Digital Common 0V to +7V 

+V CC to Analog Common 0V to +18V 

-V cc to Analog Common 0V to -1 8V 

Digital Common to Analog Common -IV to +1 V 

Digital Inputs to Digital Common -0.5V to V DD + 0.5V 

Analog Inputs +16.5V 

Power Dissipation lOOOmW 

Storage Temperature -60°C to +150°C 

Lead Temperature, (soldering, 10s) +300°C 


NOTES: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device reliability. 


PACKAGING INFORMATION (1) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC700JH 

28-Pin Ceramic DIP 

237 

ADC700KH 

28-Pin Ceramic DIP 

237 

ADC700AH 

28-Pin Ceramic DIP 

237 

ADC700BH 

28-Pin Ceramic DIP 

237 

ADC700RH 

28-Pin Ceramic DIP 

237 

ADC700SH 

28-Pin Ceramic DIP 

237 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR (%FSR) 

ADC700JH 

0°C to 70°C 

±0.006 

ADC700KH 

0°C to 70°C 

±0.003 

ADC700AH 

-25°C to +85°C 

±0.006 

ADC700BH 

-25°C to +85°C 

±0.003 

ADC700RH 

-55°C to +125°C 

±0.006 

ADC700SH 

-55°C to +125°C 

±0.003 
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Start of Conversion and Serial Data Output Timing. 



ADC700 Parallel Output Timing. 



ADC700 Reset Function Timing Diagram. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATION 



20V Range 
10V Range 
Analog Common 
Digital Common 

V DD 

BTCEN 

DB15/DB7 

DB14/DB6 

DB13/DB5 

DB12/DB4 

DB11/DB3 

DB10/DB2 

DB9/DB1 

DB8/DB0 


DESCRIPTION 

AND OPERATING FEATURES 

The ADC700 is a 16-bit resolution successive approxima- 
tion A/D converter. Parallel digital data as well as serial data 
is available. Several features have been included in the 
ADC700 making it easier to interface with microprocessors 
and/or serial data systems. Several analog input ranges are 
available. 

Some of the key operating features are described here. More 
detail is given in later sections of the data sheet. Refer to the 
block diagram above. 

RESET 

The ADC700 has a Reset input that must be asserted upon 
power-up or after a power interruption. This initializes the 
SAR, the output buffer register and Data Ready flag. Since 
microprocessor systems already use a power-on reset circuit, 
the same system reset signal can be used to initialize the 
ADC700. 

PARALLEL DATA 

The parallel data output is available through an 8-bit port 
with 3-stat e outpu t drivers. High byte and low byte are 
selected by HBEN (pin 10). 

A buffer/latch is included between the successive approxi- 
mation register (SAR) and the 3-state drivers. This feature 
permits more flexible interface timing than is possible from 
most successive approximation converters. 

The “old” word can be read during the next conversion. A 
Data Ready flag (pin 12) is asserted when a “new” word is 


in the buffer register. The Data Ready flag goes low (“0”) 
when the most significant byte (high byte) is read. If the 
“old” word is not read, or if only the least significant byte 
(low byte) is read, Data Ready is not reset. The next 
conversion output will overwrite the data latch when the 
conversion is complete. The Data Ready flag remains high. 
Refer to timing diagrams in the Specifications section. 

SERIAL DATA 

Sixteen-bit serial data output is available (pin 11) along with 
a serial output strobe (pin 14). This serial data strobe is not 
the internal SAR clock but is a special strobe for serial data 
consisting of 16 negative-going edges (during conversion) 
occurring about 200ns after each serial data bit is valid. This 
feature eases the interface to shift registers or through opto- 
couplers for applications requiring galvanic isolation. 

STATUS 

The familiar Status (or Busy) flag, present in successive 
approximation A/D converters, is available (pin 13) and 
indicates that a conversion is in progress. Status is valid 
110ns after assertion of the convert command (WR low). 
Status cannot be used as a sample-hold control because there 
is not enough time for the sample-hold to settle to the 
required error band before the ADC700 makes its first 
conversion decision. 

CHIP SELECT 

CS (pin 9) selects the ADC700. N o oth er functions can be 
implemented unless CS is asserted. WR (pin 7) is the start- 
of-conversi on stro be. RD strobes each output data byte, 
selected by HBEN (pin 10), to the 3-state drivers. 
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TWO’S COMPLEMENT DATA CODE 

BTCEN (pin 23) is a logic function that implements the 
Binary Two’s Complement output code for bipolar (+ and -) 
analog input signal operation. This feature is compatible 
with twos complement arithmetic in microprocessor math 
algorithms. 

INTERNAL CLOCK 

The ADC700 has a self-contained clock to sequence the 
A/D logic. The clock is not available externally. An external 
16-pulse strobe (pin 14) is brought out to clock serial data 
only. Use of ADC700 with external clock is not possible. 

INTERNAL VOLTAGE REFERENCE 

The ADC700 has an internal low-noise buried-zener voltage 
reference. The reference circuit has been drift compensated 
over the MIL temperature range using a laser trim algorithm. 
The reference voltage is not available externally. 

DISCUSSION 
OF SPECIFICATIONS 


Most Significant Bit, MSB 

That binary digit that has the greatest value or weight. The 
MSB weight is FSR/2. 

Resolution 

An N-bit binary-coded A/D converter resolves the analog 
input into 2 N values represented by the 2 N digital output 
codes. 

ACCURACY 

Linearity Error, Integral Linearity Error (ILE) 

Linearity Error is defined as the deviation of actual analog] 
input values from the ideal values about a straight line drawn! 
through the code mid-points near positive full scale (at +V FS * 
-1LSB) and at Zero input (at 1/2LSB below the first code 
transition, i.e. at Zero) or, in the case of bipolar operation, 
near minus full scale (at 1/2LSB below the first code 
transition, i.e. at -V FS ). Despite the definition, however, 
code transitions are easier to measure than code midpoints. 
Therefore linearity is measured as the deviation of the 
analog input values from a line drawn between the first and 
last code transitions. Linearity Error specifications are ex- 
pressed in % of Full Scale Range (FSR). ADC700KH ILE 
is ±0.003% of FSR which is 1/2 LSB at 14-bits. 


BASIC DEFINITIONS 

Refer to Figure 3 for an illustration of A/D converter 
terminology and to Table II in the Calibration section. 

Full Scale Range, FSR 

The nominal range of the A/D converter. For ADC700, the 
FSR is 20V for the 0V to +20V and the -10V to +10V input 
ranges or 10V for the 0V to +10V and -5V to +5V input 
ranges. 

Least Significant Bit, LSB 

The smallest analog input change resolved by the A/D 
converter. For an A/D converter with N bits output, the input 
value of the LSB is FSR(2~ N ). 



O 5V 


< 3kQ 

DBN 

DBN < 

0 1 JL. 0 


<3kQ C L 

t Cl 

V DGND V 

V DGND 

A) High-Z to V 0H (t 3 ) 

B) High-Z to V 0L (t 3 ) 

and V 0L to V 0H (t 6 ). 

and V 0H to V 0L (t 6 ). 


FIGURE 1. Load Circuits for Access Time. 



Differential Linearity Error (DLE), No Missing Codes 

Differential Linearity Error is defined as the deviation in 
code width from the ideal value of 1LSB. If the DLE is 
greater than -1LSB anywhere along the range, the A/D will 
have at least one missing code. ADC700KH is specified to 
have a DLE of ±0.006% of FSR, which is ±1LSB at 14 bits. 
ADC700KH is specified to have no missing codes at the 14- 
bit level over specified temperature ranges. 

Gain Error 

The deviation from the ideal magnitude of the input span 
between the first code midpoint (at -V ps + 1/2LSB, for 
bipolar operation; at Zero for unipolar operation) to the last 
code midpoint (V FS -1LSB). As with the linearity error 



FIGURE 2. Load Circuits for Output Float Delay. 


FIGURE 3. Transfer Characteristic Terminology. 
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measurements, code transition values are the locations actu- 
ally measured for this spec. The ideal gain is V FSR -2LSB. 
Gain Error is expressed in % (of reading). See Figure 3. 
Gain Error of the ADC700 may be trimmed to zero using 
external trim potentiometers. 

Offset Error 

Unipolar Offset Error — The deviation of the actual code- 
midpoint value of the first code from the ideal value located 
at 1/2LSB below the ideal first transition value (i.e. at zero 
volts). 

Bipolar Offset Error — The deviation of the actual code- 
midpoint of the first code from the ideal value located 
at 1/2LSB below the ideal first transition value located at - 
V FS +1/2LSB. 

Again, transition values are the actual measured parameters. 
Offset and Zero errors of the ADC700 may be trimmed to 
zero using external trim potentiometers. Offset Error is 
expressed as a percentage of FSR. 

Bipolar Zero Error — The deviation of the actual mid- 
scale-code midpoint value from zero. Transition values are 
the actual measured parameter and it is 1/2 LSB below zero 
volts. The error is comprised of Bipolar Offset Error, 1/2 the 
Gain Error, and the Linearity Error of bit 1. Bipolar Zero 
Error is expressed as a percentage of FSR. 

Power Supply Sensitivity 

Power Supply Sensitivity describes the maximum change in 
the full-scale transition value from the initial value for a 
change in each power supply voltage. PSR is specified in 
units of %FSR/% change in each supply voltage. 

The major effect of power supply voltage deviations from 
the rated values will be a small change in the Gain (scale 
factor). Power Supply Sensitivity is also a function of ripple 
frequency. Figure 4 illustrates typical Power Supply Sensi- 
tivity performance of ADC700 versus ripple frequency. 

INSTALLATION 

POWER SUPPLY SELECTION 

Linear power supplies are preferred. Switching power sup- 
ply specifications may appear to indicate low noise output, 
but these specifications are rms specs. The spikes generated 
in switchers may be hard to filter. Their high-frequency 
components may be extremely difficult to keep out of the 
power supply return system. If switchers must be used, their 
outputs must be carefully filtered and the power supply itself 
should be shielded and located as far away as possible from 
precision analog circuits. 

LAYOUT CONSIDERATIONS 

Because of the high resolution and linearity of the ADC700, 
system design problems such as ground path resistance and 
contact resistance become very important. For a 16-bit 
resolution converter with a +10V Full-Scale Range, 1LSB is 
153pV. Circuit situations that cause only second- or third- 
order errors in 8-, 10-, or 12-bit A/D converters can induce 
first-order errors in 16-bit resolution devices. 


Power Supply Wiring 

Use heavy power supply and power supply common (ground) 
wiring. A ground plane is usually the best solution for 
preserving dynamic performance and reducing noise cou- 
pling into sensitive converter circuits. 

When passing converter power through a connector, use 
every available spare pin for making power supply return 
connections, and use some of the pins as a Faraday shield to 
separate the analog and digital common lines. 

Power Supply Returns 

(Analog Common and Digital Common) 

Connect Analog Common and Digital Common together 
right at the converter with the ground plane. This will usually 
give the best performance. However, it may cause problems 
for the system designer. Where it is absolutely necessary to 
separate analog and digital power supply returns, each should 
be separately returned to the power supply. Do not connect 
Analog Common and Digital Common together and then run 
a single wire to the power supply. Connect a 1 to 47pF 
tantalum capacitor between Digital Common and Analog 
Common pins as close to the package as possible. 

Power Supply Bypassing 

Every power-supply line leading into an A/D converter must 
be bypassed to its common pin. The bypass capacitor should 
be located as close to the converter package as possible and 
tied to a solid ground — connecting the capacitors to a noisy 
ground defeats the purpose of the bypass. Use tantalum 
capacitors with values of from lOpF to lOOpF and parallel 
them with smaller ceramic capacitors for high frequency 
filtering if necessary. 

Separate Analog and Digital Signals 

Digital signals entering or leaving the layout should have 
minimum length to minimize crosstalk to analog wiring. 
Keep analog signals as far away as possible from digital 
signals. If they must cross, cross them at right angles. 
Coaxial cable may be necessary for analog inputs in some 
situations. 

Shield Other Sensitive Points 

The most critical of these is the comparator input (pin 1). If 
this pin is not used for offset adjustment, then it should be 
surrounded with ground plane or low-impedance power 



FIGURE 4. Power Supply Rejection Ripple vs Frequency. 
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supply plane. If it is used for offset adjustment, the series 
resistor and potentiometer should be located as close to the 
converter as possible. 

The Gain Adjust (pin 4) is an input that has a relatively high 
input impedance and is susceptible to noise pickup. The 
Gain Adjust pin should be bypassed with a 0.0 lpF to 0.1 pF 
capacitor whether or not the gain adjust feature is used. 

If the 20V Analog input range is used (pin 28), the 10V 
Range input (pin 27) may need to be shielded with ground 
plane to reduce noise pickup. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The input impedance of the ADC700, typical of most suc- 
cessive approximation A/D converters, is relatively low 
(2.5k£2 to 10k£2). The input current of a successive 
approximation A/D converter changes rapidly during the 
conversion algorithm as each bit current is compared to the 
analog input current. Since the output impedance of a 
closed-loop amplifier or a sample-hold amplifier increases 
with frequency and, in addition, the amplifier must settle to 
the required accuracy in time for the next comparison/ 
decision after such a disturbance, care must be taken to 
select the proper driving amplifier. 

Unfortunately, high-accuracy operational amplifiers tend to 
have low bandwidth, while wide-band amplifiers tend to 
have lower accuracy. One solution is to use a wide-band but 
perhaps less precise amplifier. Another solution is to add a 
wide-band buffer amplifier such as the Burr-Brown OPA633 
inside the feedback loop of a slower (but precision) ampli- 
fier, Figure 5. This reduces the output impedance at high 
frequencies yet preserves the accuracy at low frequencies. 
When a sample/hold is needed, a high-linearity, high-speed 
sample/hold such as the Burr-Brown SHC76 should be used 
to drive the ADC700. 

ANALOG INPUT RANGES 

The analog input circuits of the ADC700 can be connected 
to accept unipolar or bipolar input signals. These ranges and 
connections are tabulated in Table I. Circuit connections are 
shown in Figures 6 and 7. Gain and offset adjustments are 
described in the calibration section. 

To operate the ADC700 with a range that gives other 
convenient values for the LSB, the input resistor may be 
increased or decreased slightly without seriously affecting 
the Gain Drift of the converter. Since the input resistors of 
the ADC700 are within ±2% from unit to unit, this can be 


Precision 

Low Bandwidth Wideband 

Op Amp Buffer 

OPA111 OPA633 Analog 

OPA27 Common j 

FIGURE 5. Wideband Buffer Reduces Output Impedance at 
High Frequencies. 


consistently done with a fixed series or parallel resistor. The 
ADC700 can then be calibrated using the Gain and Offset 
adjustments described in the calibration section. For ex- 
ample, using the ±10V input range, one can decrease the 
range slightly by paralleling the lOkO input resistor (pin 28 
to pin 1) with a 610kO metal film resistor to achieve a 
300|lIV LSB instead of the nominal standard 305.17578(iV 
binary LSB. 

OPTIONAL EXTERNAL GAIN AND OFFSET TRIM 

Gain and Offset Error may be trimmed to zero using external 
Gain and Offset trim potentiometers connected to the! 
ADC700 as shown in Figures 6 and Figure 7. A calibration! 
procedure in described in the Operating Instructions section. 

Multitum potentiometers with 100ppm/°C or better TCR are 
recommended for minimum drift over temperature. These 
potentiometers may be any value from lOkQ to lOOkO. All 
resistors should be 20% carbon or better. Pin 1 (Comparator 
In) and pin 4 (Gain Adjust) may be left open if no external 
adjustment is planned; however, pin 4 should always be 
bypassed with 0.0 lpF or larger to Analog Common. 

OPERATING INSTRUCTIONS 

CALIBRATION 

Offset and Gain may be trimmed by external Offset and 
Gain potentiometers. Offset is adjusted first and then Gain. 
Calibration values are listed in Table II for all ADC700 
input ranges. Offset and Gain calibration can be accom- 
plished to a precision of about +1/2LSB using a static 
adjustment procedure described below. By summing a small 
sine or triangular wave voltage with the accurate calibration 
voltage applied to the analog input, the output can be swept 
through each of the calibration codes to more accurately 
determine the transition points listed in Table II. NOTE: The 
transition points are not the same as the code midpoints used 
in the static calibration example. 

OFFSET ADJUSTMENT, 

14-BIT RESOLUTION EXAMPLE 

Static Adjustment Procedure (At Code Midpoints) 

0V to +10V Range — Set the analog input to +1LSB 14 = 
0.00061V. Adjust the Offset potentiometer for a digital 
output of 0004 h . Set the analog input to +Full Scale -2LSB 14 
= +9.9987 V. Adjust the Gain potentiometer for a digital 
output of FFFC h . For a half-scale calibration check, set the 
analog input to +5. 0000 V and read a digital output code of 
8000 H . 


INPUT 

OUTPUT CODE 

CONNECT 

CONNECT 

CONNECT 

SIGNAL 



PIN 2 

PIN 28 

SIGNAL 

RANGE 

BTCEN = 1 

BTCEN = 0 

TO PIN 

TO PIN 

TO PIN 

±10V 

BOB 

BTC 

1 

Input Signal 

28 

±5V 

BOB 

BTC 

1 

Open 

27 

12.5V 

BOB 

BTC 

1 

Pin 1 

27 

OV to +5V 

USB 

— 

26 

Pin 1 

27 

OVto+IOV 

USB 



26 

Open 

27 

0V to +20V 

USB 

— 

26 

Input Signal 

28 


TABLE I. ADC700 Input Range Connections. 


A/D 

Converter 
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ANALOG INPUT 

VOLTAGE (V) 1 

RANGE 

±10 

±5 

±2.5 

0 TO +20 

0 TO +10 

0 TO +5 

+ V FS 

+10 

+5 

+2.5 

+20 

+10 

+5 

-v FS 

-10 

-5 

-2.5 

0 

0 

0 

FSR 

20 

10 

5 

20 

10 

5 

TRANSITION CODES 







(Hexadecimal) 



TRANSITION VALUES (V) 



For 16-bit Resolution (Reading all 16 bits) j 

FFFEh t0 FFFF h 

+9.999542 

+4.999771 

+2.499886 

+19.999542 

+9.99971 

+4.999886 

7FFF h to 8000 h 

-1 52.5|iV 

-38|iV 

— 19jxV 

+9.999847 

+4.999924 

+2.499962 

0000 H to 0001 H 

-9.999847 

-4.999924 

-2.499962 

+1 52|aV 

+76^V 

+38|iV 

LSB (FSR/2 16 ) 

305jxV 

1 53|xV 

38|xV 

305}iV 

153|xV 

76jiV 

For 15-bit Resolution (Reading all 16 bits, Ignoring DB 0 ) j 

FFFD h to 7 FFE h 

+9.999084 

+4.999542 

+2.499771 

+19.999084 

+9.999542 

+4.999771 

7FFE h to 8000 h 

-305nV 

-1 53|iV 

-76|iV 

+9.999625 

+4.999847 

+2.499924 

0000 H to 0002 h 

-9.999695 

-4.999847 

-2.499924 

+305nV 

+1 52|iV 

+76|jV 

LSB (FSR/2 15 ) 

610|xV 

305nV 

153jiV 

610jo.V 

305jiV 

153|iV 

For 14-bit Resolution (Reading all 16 bits, Ignoring DB 0 and DBJ J 

FFFC h to fffd h 

+9.99817 

+4.99908 

+2.49954 

+19.99817 

+9.99908 

+4.99954 

7FFD h to 8000 h 

-61 0|iV 

-305|xV 

-153hV 

+9.99939 

+4.999695 

+2.499847 

0000 H to 0004 h 

-9.999390 

-4.999694 

-2.499847 

+610(iV 

+305)xV 

+153^V 

LSB (FSR/2 14 ) 

1221|xV 

610|xV 

305|xV 

1221(iV 

610|xV 

305|xV 


TABLE II. Transition Values for Calibration. 



FIGURE 6. Unipolar Input Configuration with Gain and Offset Adjust Connections. 



FIGURE 7. Bipolar Input Configuration with Gain and Offset Adjust Connections. 
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-10V to +10V Range — Set the analog input to -FS + 
1LSB 14 = -9.99878V. Adjust the Offset potentiometer for a 
digital output of 0004 H (8004 H if BTCEN is asserted). Set the 
analog input to +9.9976V. Adjust the Gain potentiometer for 
a digital output of FFFC H (7FFC H if BTCEN is assrted). For 
a half-scale calibration check, set the analog input to 0.0000V 
and read a digital output code of 8000 H (0000 H if BTCEN is 
asserted). 

CONTROLLING AND 
INTERFACING THE ADC700 

RESET 

The ADC700 requires a Reset command upon power-up or 
after a power interruption to guarantee the condition of 
internal registers. If Status powers-up High, no conversion 
can be started. Reset initializes the SAR, the output buffer 
register, and the Data Ready flag and terminates a conver- 
sion in progress. Since microprocessor systems already use 
a power-on reset circuit, the same system reset signal can be 
used to initialize the ADC700. A power-up circuit is shown 
in Figure 8. Refer to Reset function timing diagram follow- 
ing the Timing Specifications Table. 


+i 

)V 



24 




^dd 

50k£2 < 

> 

> 

> 



6 




Reset 

lOOpF = 

= 

ADC700 


7 



FIGURE 8. Power-Up Reset Circuit. 



FIGURE 9. Parallel Data Bus Interface. 


START OF CONVERSION 

A conversion is started by asserting CS and WR Low. Status 
goes high about t = + 1 2 = 1 10ns later. The first successive 

approximation decision occurs about 900ns after WR is 
asserted. Status goes Low after the conversion is complete. 
Refer to Start of Conversion and Serial Data Output Timing 
following the Timing Specifications Table. 

DATA READY FLAG 

The data latch feature permits data to be read during the 
following conversion. The Data Ready flag indicates that thel 
data from the most recent conversion is latched in the output! 
data latch and that it hasn’t been read. Data Ready remains* 
High until the most significant data byte is read. If a 
subsequent conversion is initiated and completed, the new 
word will be stored in the output data latch regardless of the 
state of the Data Ready flag. The preceding word will be 
overwritten and lost. 

READING PARALLEL DATA 

Parallel data is latched in the output data latch at the end of 
a conversion. Data can be read any time, even during the 
subsequent conversion. The output data latch is not cleared 
by reading the data. Only the Data Ready flag is cleared by 
reading the MSB. 

The output three-state drivers are enabled by asserting the 
CS and RD inputs Low. When HBEN is Low, the most 
significant eight bits are enabled and the Data Ready flag is 
cleared. When HBEN is High, the least significant eight bits 
are enabled. Refer to Parallel Data Output Timing informa- 
tion following the Timing Specifications Table. 

To reduce noise interference to the absolute minimum, data 
should be read after the current conversion is complete. 
However, data can be read during the following conversion, 
with minimal interference, to maximize the sampling rate of 
the converter. 

A typical parallel interface is illustrated in Figure 9. 

READING SERIAL DATA 

Serial data output of the ADC700 is facilitated by a Serial 
Data Strobe that provides 16 negative-going edges for strobing 
an external serial to parallel shift register located perhaps on 
the other side of an opto-coupler. Refer to the Serial Data 
Timing information following the Timing Specifications 
Table. An example of an isolation connection using the 
serial port feature is illustrated in Figure 10. 

CONTINUOUS CONVERSION OPERATION 

When CS is permanently connected to Digital Common and 
Status is connected to WR, Figure 11, the ADC700 will 
continuously convert. The repetition time will not be precise 
and will vary slightly with the temperature for the ADC700 
because the time will be determined by the internal clock 
frequency and control-circuit gate delays. If a precise repe- 
tition rate is needed, the continuous conversion connection 
should not be used. 
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ADC700 


^7 

cs 




WR 


To Interrupt 






Status 



FIGURE 1 1 . Continuous Conversion Circuit Connection. 



FIGURE 10. Serial Data Output Providing Convenient 
Isolation. 


PIN DESIGNATION 

DEFINITION 

FUNCTION 

CS (Pin 9) 

Chip Select 

Must be Low to either initiate a conversion or read output data. 

WR (Pin 7) 

Write (Convert) 

Conversion begins after the High-to-Low transition. 

RD (Pin 8) 

Read 

Turns ON the three-state output drivers upon being asserted low. 

HBEN (Pin 10) 

High Byte Enable 
“1 ” = Low Byte 
“0” = High Byte 

Selects the MSB or the LSB for readout. Data Ready is cleared when HBEN is Low and RD is asserted. 

Reset (Pin 6) 

Reset 

Resets internal logic. Must be asserted after power-up or a power interruption clears Status and Data 

Ready to Low. 

BTCEN (Pin 23) 

BTC Enable 

Sets the output code to Binary Twos Complement (BTC) when Low. Output code is Bipolar Offset Binary 
(BOB) when High. 


TABLE III. Control Line Functions. 


CONTROL LINE 

OPERATION 

RESET 

WR 

RD 

HBEN 

cs 

0 

X 

X 

X 

X 

Reset converter logic. Status and Data Ready set Low. 


X 

X 

X 

1 

No operation. 


0 

X 

X 

0 

Initiate conversion. 


1 

0 

0 

0 

Places High Byte on output port. Clears Data Ready flag. 


1 

0 

1 

0 

Placed Low Byte on output port. Does not clear Data Ready flag. 

H 

0 

0 

0 

0 

Initiates conversion and places High Byte or output port. Clears Data Ready. 

■ 

0 

0 

1 

0 

Initiates conversion and places Low Byte on output port. Does not clear Data Ready flag. 


NOTE: If a conversion command is asserted while a conversion is in progress, the command is ignored. If the conversion command remains asserted when a 
conversion is finished, a new conversion will begin. 


TABLE IV. Control Input Truth Table. 
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Because the last data-word is stored in the data latch, it is 
possible to read it during the next A/D conversion. Assertion 
of CS and HBEN for reading parallel data should be timed 
from Status going low. The two-byte read operation must be 
complete before the conversion in process is complete or the 
Data Read is invalid. 

Serial Data is available during continuous conversion with 
word synchronization available from STATUS. 

USING A SAMPLE/HOLD WITH ADC700 

Figure 12 illustrates using ADC700 with the Burr-Brown 
SHC76. The sample-to-hold settling time (to 14 bits, 
±0.003%FSR) of the SF1C76 is lps typ, 3ps max. The time 
from the Status going High to the first conversion decision 
is about 900ns. Therefore a time delay between the Sample- 
to-Hold command to the WR command to the ADC700 is 
required. 



FIGURE 12. Using Sample/Hold with ADC700 Requires 
Time Delay Between Sample and Start-of-Con- 
version. 
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16-Bit 512kHz 

SAMPLING A/D CONVERTER SYSTEM 


FEATURES 

• CONVERSION RATE: to 512kHz Over 
Temp 

• NO MISSING CODES AT 16 BITS 

• SPURIOUS-FREE DYNAMIC RANGE: 107dB 

• LOW NONLINEARITY: ±0.0015% 

• SELECTABLE INPUT RANGES: +5V, +10V, 
0 to +10V, 0 to +5V, -10V to 0 

• LOW POWER DISSIPATION: 2.8W Typical 
Including Sample/Hold 

• METAL AND CERAMIC DIP PACKAGES 


APPLICATIONS 


• MEDICAL IMAGING 

• SONAR 

• PROFESSIONAL AUDIO RECORDING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH PERFORMANCE FFT SPECTRUM 
ANALYSIS 

• ULTRASOUND SIGNAL PROCESSING 

• HIGH SPEED DATA ACQUISITION 

• REPLACES DISCRETE MODULAR ADCs 


DESCRIPTION 

The ADC701 is a very high speed 16-bit analog-to- 
digital converter based on a three-step subranging ar- 
chitecture. Outstanding dynamic performance is 
achieved with the SHC702 companion sample/hold 
amplifier. Both devices use hybrid construction for 
applications where reliability, small size, and low power 
consumption are especially important. 


Excellent linearity and stability are assured through use 
of a new ultra-precise monolithic D/A converter and a 
low-drift reference circuit. Custom monolithic op amps 
provide very high bandwidth and low noise in all 
sections of the analog signal path. Logic is CMOS/TTL 
compatible and is designed for maximum flexibility. 



Convert Command 
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SPECIFICATIONS 

ELECTRICAL (ADC701 ONLY) 


T a = +25°C, 500kHz sampling rate, ±V CC = ±15V, ±V DD1 = ±5V, +V DD2 = +5V, and five minute warmup in a convection environment, unless otherwise noted. 




ADC701JH 

ADC701KH 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 



* 

Bits 

INPUTS | 

ANALOG 









Voltage Ranges 

Unipolar 


Oto +5,0 to +10, -1 0 to 0 


V 


Bipolar 



±5, ±10 



V 

Resistance 

0 to +5V Range 

2.45 

2.5 

2.55 

* 

* 

* 

kQ 


0 to +10V, -10 to 0, ±5V Ranges 

4.9 

5 

5.1 

* 

* 

* 

kQ 


±10V Range 

9.8 

10 

10.2 

* 

* 

* 

kQ 

Capacitance 

All Ranges 


5 



* 


pF 

DIGITAL 









Logic Family 



TTL-Compatible CMOS 



Convert Command 

Start Conversion 



Rising Edge 




Pulse Width 

t = Conversion Period 

50 


t- 50 

* 


* 

ns 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error* 1 * 

0 to +10V Range 


±0.03 

±0.1 



* 

% 


±10V Range 


±0.03 

±0.1 



* 

% 

Power Supply Sensitivity of Gain 

All Ranges, All Supplies 


±0.005 

±0.1 



* 

%/V 

Input Offset Error* 1 > 

0 to +10V Range 


±1 

±3 



* 

mV 


±1 0V Range 


±5 

±10 


* 

* 

mV 

Power Supply Sensitivity of Offset 

All Ranges, All Supplies 


±0.006 

±0.1 


* 

* 

%FSR/V 

Integral Linearity Error* 2 * 



±0.002 

±0.003 


±0.0012 

* 

%FSR< 3 * 

Differential Linearity Error* 2 * 



±0.0006 

±0.0012 


* 

* 

%FSR 

No Missing Codes 


Guaranteed 

Guaranteed 


Noise 

^source - 50^ 


0.6 

L 


* 


LSB rms 

CONVERSION CHARACTERISTICS | 

Sample Rate 

Unadjusted 

DC 


512 

* 


* 

kHz 

Conversion Time* 4 * 

Unadjusted 


1.45 

1.5 


* 

* 

P s 

OUTPUTS | 

DIGITAL 









Logic Family 



TTL-Compatible CMOS 



Data Coding 

Unipolar Ranges 



Straight Binary 





Bipolar Ranges 



Offset Binary 




Logic “0” Levels (V 0L ) 

l 0L < 3.2mA 


0.1 

0.4 


* 

* 

V 

Logic “1” Levels (V 0H ) 

l 0H - 80pA 

4 

4.9 


* 

* 


V 

Data Valid Setup Time Before Strobe 

Both Edges 

28 

37 



* 


ns 

INTERNAL REFERENCE 

Voltage 

R load - 5kfl 

-(-9.995 

+10.000 

+10.005 


* 

* 

V 

Current Available to External Loads 

2 

* 


* 

* 


mA 

POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

* 

* 

* 

V 

“ V CC 


-14.25 

-15 

-15.75 

* 

* 

* 

V 

+V D D1 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

-V DD1 


-4.25 

-5 

-6 

* 

* 

* 

V 

+V DD2 


+4.25 

+5 

+5.25 

* 

* 

* 

V 

Supply Currents: +l cc 

Operating 


25 

30 


* 

* 

mA 

-'cc 



33 

45 


* 

* 

mA 




45 

55 


* 

* 

mA 




37 

50 


* 

* 

mA 




133 

150 


* 

* 

mA 

Power Dissipation 

Nominal Voltages 


1.95 

2.3 


* 

* 

W 

PERFORMANCE OVER TEMPERATURE | 

Specification Temperature Range 

T a Min to T a Max 

+15 


+55 

0 


+70 

°C 

Gain Error 

All Ranges 


±10 

±15 


* 

* 

ppm/°C 

Input Offset Error 

All Unipolar Ranges 


±1 

±5 


* 

* 

ppm FSR/°C 


All Bipolar Ranges 


±1 

±5 


* 

* 

ppm FSR/°C 

Integral Linearity Error* 2 * 



±0.2 



* 

±0.5 

ppm/°C 

Differential Linearity Error* 2 * 



±0.05 



* 

±0.3 

ppm/°C 

No Missing Codes 



Typical 


Guaranteed 


Reference Output Drift 



±3 



* 


ppm/°C 

Drift of Conversion Time 

Unadjusted 


+3 

+4 



* 

ns/°C I 

Sample Rate 

Unadjusted 

DC 


512 

* 


* 

kHz 


* Same specifications as ADC701 JH. 
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SPECIFICATIONS 

ELECTRICAL (SHC702 ONLY) 

T a = +25°C, 500kHz sampling rate, ±V CC = ±15V, +V DD1 = +5V, and five minute warmup in a convection environment, unless otherwise noted. 


PARAMETER 

CONDITIONS 

SHC702JM 

UNITS 

MIN 

TYP 

MAX 

INPUTS (Without Input Buffer) | 

ANALOG 






Voltage Range 


±10.25 

±11 


V 

Resistance 


0.98 

1 

1.02 

k£2 

Capacitance 



3 


PF 

DIGITAL 






Logic Family 



LSTTL 



Input Loading 



2 


LSTTL Loads 

j TRANSFER CHARACTERISTICS | 

ACCURACY 






Gain 

^SOURCE ~ ^ 


-1 


V/V 

Gain Error 



±0.02 

±0.1 

% 

Linearity Error 

Sample Mode 


±0.0003 


%FSR 

Offset Error 

Sample Mode 


±0.5 

±3 

mV 

Charge Offset (Pedestal) Error 

Sample/Hold Mode, R source ^ 50Q 


±0.5 

±5 

mV 

Droop Rate 

Hold Mode 


±0.2 

±2 

pV/ps 

Dynamic Nonlinearity 

Sample/Hold Mode 


±0.0005 


%FSR 

Power Supply Sensitivity 

Offset Plus Charge Offset, All Supplies 


±0.003 


%FSR/V 

DYNAMIC CHARACTERISTICS | 

Acquisition Time 

10V Step to ±150pV 


600 


ns 


5V Step to ±150pV 


500 


ns 

Sample-to-Hold Settling Time (5) 

to ±150pV 


120 


ns 

Aperture Delay Time 



20 


ns 

Aperture Uncertainty (Jitter) 



10 

25 

ps rms 

Slew Rate 



150 


V/jis 

Small Signal Bandwidth 

V .N= ±1V 


3.1 


MHz 

Full-Power Bandwidth 

< 

z 

II 

1+ 

O 

< 


2 


MHz 

Feedthrough Rejection 

Hold Mode, lOVp-p Square Wave Input 


0.001 


% 

| OUTPUT | 

Voltage Range 

R L oad^ 

±10.25 

±11 


V 

Output Current 


±40 



mA 

Short Circuit Protection 



Indefinite 



Output Impedance 

DC 


0.01 

0.1 

a 

INPUT BUFFER CHARACTERISTICS | 

INPUT 






Impedance 



10 13 1 1 3 


oil pF 

Bias Current 

_< 

ii 

i+ 

o 

< 


±2 

±15 

pA 

Offset Voltage 

R SOURCE^ 10k ^ 


±0.3 

±1.5 

mV 

Voltage Range 


±10.25 

±11 


V 

DYNAMIC CHARACTERISTICS 






Slew Rate 


20 

35 


V/pS 

Full-Power Bandwidth 

V 1N = ±1°V 


570 


kHz 

Settling Time 

10V Step to ±1 50pV 


1.7 


ps 

OUTPUT 






Output Current 


±15 

±20 


mA 

Short Circuit Protection 

R LOAD = 


Indefinite 



POWER SUPPLY REQUIREMENTS j 

Voltage: +V CC 

Operating 

+13.5 

+15 

+16.5 

V 

-v cc 


-13.5 

-15 

-16.5 

V 

+ V DD1 


+4.75 

+5 

+5.25 

V 

Current: +l cc 

Operating 


33 

40 

mA 

Hoc 



18 

25 

mA 

+, DD1 



5 

10 

mA 

Power Dissipation 

Nominal Voltages 


790 

950 

mW 

| PERFORMANCE OVER TEMPERATURE | 

Specification Temperature Range 

T A MintoT A Max 

0 


+70 

°C 

Sample/Hold Gain Error 

Rsource = 0^ 


±1 

±5 

ppm/°C 

Sample/Hold Offset Error 

R source £ 5 °“ 


±10 

±30 

pV/°C 

Sample/Hold Charge Offset Error 

Rsource s 5<K2 


±10 

±80 

pV/°C 

Droop Rate 




±50 

pV/ps 

Buffer Offset Error 

R source - ^ ®kQ 


±3 

±15 

pV/°C 


NOTES: (1) Adjustable to zero. Tested and guaranteed for 0 to +10V and ±10V ranges only. (2) Peak-to-peak based on 99.9% of all codes. (3) FSR means full-scale 
range and depends on the input range selected. (4) ADC conversion time is defined as the time that the Sample/Hold must remain in the Hold mode; i.e., the duration 
of the Sample/Hold command. This time must be added to the Sample/Hold acqusition time to obtain the total system throughput time. (5) Given for reference only 
— this time overlaps with the ADC701 conversion time and does not affect system throughput rate. 
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SPECIFICATIONS 


ELECTRICAL (COMBINED ADC701/SHC702) 

T a = +25°C, 500kHz sampling rate, ±V CC = ±15V, ±V DD1 = ±5V, +V DD2 = +5V, and five minute warmup in a convection environment, ±5V input range unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Sample Rate 

Unadjusted 

DC 


512 

kHz 

Dynamic Nonlinearity 



±0.002 


%FSR 

Total Harmonic Distortion (THD) 

f |N = 20kHz (-0.3dB) 


-103 


dB 


f |N = 199kHz (-0.2dB) 


-82 


dB 

Spurious-Free Dynamic Range (SFDR) 

f 1N = 20kHz (-0.3dB) 


107 


dB 


f 1N = 199kHz (-12dB) 


94 


dB 

Two-Tone Intermodulation Distortion (IMD) 

f, = 195kHz (-6.5dB), f 2 = 200kHz (-6.5dB) 


-81 


dBC 


f, = 195kHz (-12.5dB), fF 2 = 200kHz (-12.5dB) 


-86 


dBC 

Signal-to-Noise Ratio (SNR) 

f 1N = 5kHz (-0.5dB) 


93 


dB 

Total Power Dissipation 

Operating 


2.8 

3.25 

W 


ADC701 PIN ASSIGNMENTS 


PIN NO. 

DESCRIPTION 

PIN NO. 

DESCRIPTION 

1 

Bit 1/9 (Bit 1 = MSB) 

40 

-Vddi (-5V) Analog 

2 

Bit 2/10 

39 

Common (Analog) 

3 

Bit 3/1 1 

38 

+V DD1 (+5V) Analog 

4 

Bit 4/12 

37 

Reference (Gain) Adjust 

5 

Bit 5/1 3 

36 

+10V Reference Output* 2 ) 

6 

Bit 6/1 4 

35 

Common (Reference) 

7 

Bit 7/1 5 

34 

DNC 

8 

Bit 8/16 

33 

Common (Analog) 

9 

Clip Detect Output 

32 

+10V Reference Input* 2 ) 

10 

+ v dd2 (+5V) Digital 

31 

Input D 0) 

11 

Common (Digital) 

30 

Input C d) 

12 

Data Strobe 

29 

Common (Signal) 

13 

High/Low Byte Select 

28 

Input B d) 

14 

Convert Command 

27 

Input A d) 

15 

Sample/Hold Control* 3 ) 

26 

-Vcc(-15V) Analog 

16 

Common (Digital) 

25 

Common (Power) 

17 

Common (Digital) 

24 

+V CC (+1 5V) Analog 

18 

Clock Adjust 

23 

DNC* 4 ) 

19 

Common (Digital) 

22 

Offset Adjust 

20 

+Vqq 2 (+5V) Digital 

21 

Offset Adjust 


NOTES: (1) Refer to Input Connection Table. (2) Reference Input is normally 
connected to Reference Output, unless an external 1 0V reference is used. (3) 
Sample/Hold Control goes high to activate Hold mode. (4) DNC = Do Not 
Connect. 


ADC701 ORDERING INFORMATION 


ADC701 ( ) H 

Basic Model Number ' 

Performance Grade Code 

K: 0°C to +70°C Ambient Temperature 
J: +15°C to +55°C Ambient Temperature 

Package Code 

H: Metal and Ceramic 


ADC701 ABSOLUTE MAXIMUM RATINGS 


±Vcc ±18V 


+V >/ 

+7V +7V 




-0.5V to (+V DD2 + 0 3V) 



Case Temperature 

+150°C 

Junction Temperature 

+165°C 

Storage Temperature 

-65°C to +165°C 

Pnwfir Dissinatinn 

3W 

Stresses above these ratings may permanently damage the device. 


PACKAGING INFORMATION^ 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

ADC701JH 

Metal and Ceramic 

234 

ADC701KH 

Metal and Ceramic 

234 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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ADC701 OUTPUT CODING 


INPUT LEVEL 

(Exact Center of Code) 

NOMINAL INPUT VOLTAGE TO ADC701 

(Multiply by -1 for SHC702 Input Voltage) 

OUTPUT CODE 

(1 = Logic High) 

MSB LSB 

CLIP 

DETECT 

0-1 OV RANGE 

(1LSB - 1 53pV) 

±10V RANGE 

(1LSB ~ 305|iV 

±5V RANGE 

(1LSB * 1 53pV) 

Underrange 

< -76|i V 

< -10.000153V 

< -5.000076V 

0000 0000 0000 0000 

1 

-FS 

OV 

-10 V 

-5V 

0000 0000 0000 0000 

0 

-FS + 1LSB 

+153|xV 

-9.999695V 

-4.999847V 

0000 0000 0000 0001 

0 

-3/4FS 

+1 .25V 

-7.5V 

-3.75V 

0010 0000 0000 0000 

0 

-1/2FS 

+2.5V 

-5V 

-2.5V 

0100 0000 0000 0000 

0 

-1/4FS 

+3. 75V 

-2.5V 

-1.25V 

0110 0000 0000 0000 

0 

-1LSB 

+4. 999847V 

-305pV 

—1 53pV 

0111 1111 1111 1111 

0 

Mid-Scale 

+5V 

OV 

OV 

1000 0000 0000 0000 

0 

+1LSB 

+5.0001 53V 

+305pV 

+1 53pV 

1000 0000 0000 0001 

0 

+1/4FS 

+6. 25V 

+2.5V 

+ 1.25 V 

1010 0000 0000 0000 

0 

+1/2FS 

+7.5V 

+5V 

+2.5V 

1100 0000 0000 0000 

0 

+3/4FS 

+8.75V 

+7.5V 

+3.75V 

1110 0000 0000 0000 

0 

+FS -2LSB 

+9.999695V 

+9.99939V 

+4.999695V 

1111 1111 1111 1110 

0 

+FS - 1 LSB 

+9.999847V 

+9. 999695V 

+4. 999847V 

1111 1111 1111 1111 

0 

Overrange 

> +9. 999924V 

> +9.999847V 

> +4.999924V 

1111 1111 1111 1111 

1 


SHC702 PIN ASSIGNMENTS 


SHC702 ORDERING INFORMATION 


PIN NO. 

DESCRIPTION 

PIN NO. 

DESCRIPTION 

1 

Sample/Hold Output 

24 

+V CC (+15V) Analog 

2 

NC* 3 > 

23 

Common (Power) 

3 

NC 

22 

-V cc (-15V) Analog 

4 

NC 

21 

Common (Analog) 

5 

NC 

20 

NC 

6 

NC 

19 

NC 


NC 

18 

NC 


NC 

17 

Buffer Amp Input* 2 ) 


+V DD1 (+5V) Analog 

16 

NC 

10 

Common (Digital) 

15 

Common (Signal) 

11 

Hold Input* 1 ) 

14 

Buffer Amp Output 

12 

Hold Input* 1 ) 

13 

Analog Input 


NOTES: (1 ) Hold mode is activated only when pin 1 2 is low and pin 1 1 is high. 
For normal use with ADC701 , pin 1 2 is grounded and pin 1 1 is connected to 
ADC701 Sample/Hold control (ADC701 pin 1 5). (2) If the buffer amp is not used, 
pin 1 7 should be grounded. (3) NC = No Internal Connection. 


PACKAGING INFORMATION^ 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

SHC702JM 

24-Pin 

113 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


Basic Model Number 

Performance Grade Code 

J: 0°C to +70°C Ambient Temperature 

Package Code 

M: Metal 


SHC702 J 


M 


SHC702 ABSOLUTE MAXIMUM RATINGS 


• + V« 

±18V 

+7V 

Analog and Buffer Inputs 

±v cc 



Logic Inputs 

-0.5V to (+V DD1 + 0.3V) 

Case Temperature 

Z +150°C 

Junction Temperature 

+165°C 



Storage Temperature 

Power Dissipation 

DO v IU + 1 DO 

1.5W 

| Stresses above these ratings may permanently damage the device. j 
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TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702)< 1 > 


FULL-SCALE SINEWAVE RESPONSE, f IN = 20kHz 


FULL-SCALE SINEWAVE RESPONSE, f IN = 100kHz 




Frequency (kHz) 

Input Frequency 19.9890136719 kHz 
Fundamental -0.3 dB 4th Harmonic -115.6 dB 

2nd Harmonic -107.5 dB 5th Harmonic -111.2 dB 

3rd Harmonic -111.5 dB 6th Harmonic -124.5 dB 


Frequency (kHz) 


Input Frequency 
Fundamental -0.5 dB 

2nd Harmonic -89.1 dB 

3rd Harmonic -90.5 dB 


100.982666016 kHz 
4th Harmonic -1 02.5 dB 

5th Harmonic -1 1 0.2 dB 

6th Harmonic -106.8 dB 


FULL-SCALE SINEWAVE RESPONSE, f IN = 200kHz 


TWO-TONE INTERMODULATION RESPONSE, 
f IN = 195kHz and 200kHz 




Frequency (kHz) 

Input Frequency 199.005126953 kHz 
Fundamental -0.7 dB 4th Harmonic -1 1 1 .5 dB 

2nd Harmonic -81.4 dB 5th Harmonic -97.0 dB 

3rd Harmonic -89.4 dB 6th Harmonic -1 1 2.5 dB 


Frequency (kHz) 


Frequency 1 
Frequency 2 
f, -6.8 dB 

f 2 -6.3 dB 

1> f,+f 2 -87.7 dB 

2> f -f, -88.8 dB 


194.976806641 kHz 
199.981689453 kHz 
3> f,+2f 2 -96.0 dB 

4> 2f 1+ f 2 -96.8 dB 

5> f,-2f 2 -104.9 dB 

6> 2f.-f„ -109.0 dB 


NOTE: (1 ) For figures above, sampling rate = 500.0000000000kHz. 1 6,384 point FFT, non-windowed. Noise floor limited by synthesized generators. 


DIFFERENTIAL NONLINEARITY OF ALL CODES, 
19.6 MILLION SAMPLES 
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THEORY OF OPERATION 

The ADC701 uses a three-step subranging architecture, 
meaning that the analog-to-digital conversion is performed 
in three passes which constitute coarse, medium and fine 
approximations of the input signal. Refer to Figures 1 and 2 
for simplified block diagrams of the system. 

Before the input signal is presented to the ADC, it must be 
sampled with high linearity and low aperture error by the 
sample/hold amplifier. 

In the SHC702, the sampling switch is placed at the summing 
junction (virtual ground) of a high speed FET amplifier 
(Figure 1). This arrangement maintains constant charge 
injection independent of the signal amplitude, which is 
critically important for good linearity performance. The 
sampling switch itself is a high speed DMOS FET whose 
gate is driven from a fast-slewing control signal, thus 
minimizing the time aperture between the fully closed 
(sample mode) and the fully open (hold mode) states of the 
switch. The signal voltage is held across the feedback 
capacitor, forcing the op-amp to maintain a constant output 
voltage for the duration of the A/D conversion. Feedthrough 
from the input, already low due to the MOSFET’s low 
capacitance, is further reduced by clamping the summing 
point to ground with another FET. 


The ADC701 input voltage is converted to a current through 
the input scaling resistors (Figure 2), and this current is 
applied to the summing junction (virtual ground) of error 
amplifier A r The current output of the DAC (0 to 2mA) is 
also applied to the summing point. If bipolar operation is 
selected, the 10V reference output is applied to input D, 
creating a 1mA offset current which sums with the input 
current. 



FIGURE 1. Simplified Block Diagram of the SHC702. 



ADC Convert Hold Data 


Output Command Command Strobe 


FIGURE 2. Simplified Block Diagram of the ADC701. 
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At the beginning of each conversion, the DAC is reset to mid- 
scale so that its output current is exactly 1mA. This 1mA is 
subtracted from the input signal current. The difference 
current flows through Rf and appears as an error voltage at 
the output of A,. 

During the first pass, the programmable gain amplifier 
(PGA) is set to unity gain, which matches the error voltage 
range to the input range of the flash ADC. The error signal 
is digitized to 7-bit resolution by the flash ADC, creating a 
coarse approximation of the digital output value, which is 
then applied to the DAC. 

Since the DAC output is now approximately equal to the 
input signal current, the remaining difference current flow- 
ing through Rf is small — ideally less than 1/128 of full scale, 
which is due to the built-in quantizing uncertainty of the 7- 
bit flash ADC. However, other sources of error (e.g., integral 
and differential nonlinearity of the flash ADC, gain and 
offset of the PGA, settling and noise errors throughout the 
signal path) cause the possible error range to be significantly 
greater. In fact, the ADC701 is designed to handle remainder 
signals up to 1/32 of full scale, which is four times the “ideal” 
value. 

Therefore, the PGA is set during the second pass to a gain of 
32, allowing the small remainder signal to match the full 
range of the flash ADC. This is again digitized to 7-bit 
resolution and added to the previous result to create the 
“medium” approximation of the input signal. Because the 
full-scale range of the flash represents 1/32 of the input 
signal’s full range, the 7-bit flash output is shifted right by 5 
bits before being added to the original 7-bit “coarse” result, 
creating a 12-bit word. There is an overlap of two bits 
because the two least significant bits of the first-pass result 
correspond to the two most significant bits of the second- 
pass result. This overlap in the adder is called “digital error 
correction” — the mechanism that allows nonideal remain- 
ders from the first pass to be corrected in the second pass. 

The 12-bit approximation is applied once again to the DAC, 
causing the remaining difference current to become yet 
smaller. For the third pass, the PGA’s gain is increased by 
another factor of 32, and the remainder is again digitized by 
the flash ADC. 

At this point in the conversion, all of the necessary data has 
been latched and it is no longer necessary to hold the analog 
signals from the sample/hold or the DAC. From a systems 
perspective, the conversion is now complete because the 
sample/hold is released to begin acquiring the next input 
sample and the DAC is reset to mid-scale for the next 
conversion. Meanwhile, the final result from the flash is 
added to the previous 12-bit result. Again there is a two-bit 
overlap to allow for error correction. The adder output is 
monitored to prevent a digital “rollover” condition, so that 
the ADC clips properly at the signal extremes. The upper 
sixteen bits of the final adder result are stored in the ADC’s 
output register, ready to be presented in byte-sequential form 
at the eight output data lines. The overrange or “clip” 
condition can also be detected externally by monitoring pin 
9. Refer to the section on ADC701 Digital I/O for further 
detail. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ADC701/SHC702 combination is designed to be easy to 
use in a wide variety of applications, without sacrificing 
flexibility of the analog and digital interface. 

SHC702 INTERFACE 

The connection diagram (Figure 3) shows the basic hookup. 
At the SHC702 input, the user may opt to connect the built- 
in FET buffer amplifier. The buffer is most useful in 
multichannel applications where the signal bandwidth is less 
than 100kHz. In those applications, it serves to isolate the 
multiplexer output from the lk£2 input impedance of the 
sample/hold. For higher frequency applications and for any 
system that does not require the very high impedance, the 
best results (lowest noise and distortion) will be achieved by 
driving the SHC702’s analog input directly. If the buffer is 
not used, its input should be grounded to avoid random noise 
pickup and saturation of the buffer op-amp. 

Only two connections are required between the SHC702 and 
the ADC701: SHC702 analog output to ADC701 input(s) 
and the digital Hold Command from the ADC701 to the 
SHC702. As always, it is best to avoid routing these analog 
and digital lines along parallel traces. Although the place- 
ment of the SHC702 relative to the ADC is not extremely 
critical, one good approach is to mount the SHC along one 
end of the ADC package as shown in Figure 4. This 
minimizes the length of the interconnections and keeps the 
digital lines well away from sensitive analog signals. 

ADC701 INPUT CONNECTIONS 

The ADC input network has four separate terminals, allow- 
ing many different input ranges. These should be connected 
as indicated in Table I. Most users will take advantage of the 
ADC701’s built-in reference circuit, which has very low 
noise and excellent temperature stability. To use the internal 
reference, it is only necessary to connect pin 36 (Reference 
Output) to pin 32 (Reference Input). To use an external 10V 
reference (to cause the ADC gain to track a system reference, 
for example), pin 36 is left unconnected and the external 
reference is applied to pin 32. If required, the ADC701 will 
typically accommodate a five to ten percent variation in the 
10V reference. External references should have very low 
noise to avoid degrading the excellent signal-to-noise ratio 
(SNR) of the ADC701. 


INPUT RANGE 

CONNECT V IN TO 

CONNECT Refln TO 

Oto +10V 
±10V 
±5V 

-10V to 0 

0 to +5V 

Input A and Input D 
Input A 

Input A and Input B 
Input A and Input B 
Input B and Input C 

Input D 

Input D 

Input C and Input D 


TABLE I. ADC701 Input Connection Table. 


BURR -BROWN® 



Burr-Brown IC Data Book — Data Conversion Products 


2.95 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS §2§ ADC701/SHC702 




For Immediate Assistance, Contact Your Local Salesperson 


+15V -15V +5V 



NOTES: (1 ) For lowest distortion at high input frequencies the non-buffered option should be used. If the buffer is not used, its input should be grounded. (2) Shown 
connected for ±5V input range. Refer to Input Connection Table for other options. (3) If the Clip Detect feature is used, then the signal may be latched with a simple 
D type flip-flop as shown. See the section on ADC701 Digital I/O for additional applications information. (4) The second octal flip-flop is recommended but optional 
— it provides added digital signal isolation and buffering, and also permits three-state logic output compatibility. (5) All commons should be connected to the analog 
ground plane. Refer to the section on “Power and Ground Connections.” (6) The Offset Adjust circuit shown provides an adjustment range of approximately ±0.25% 
FSR. 


FIGURE 3. ADC701/SHC702 Connection Diagram. 
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OFFSET, GAIN AND CONVERSION 
SPEED ADJUSTMENTS (OPTIONAL) 

Adjustment of the reference voltage is the most straightfor- 
ward way to adjust the ADC gain. For the internal reference, 
this is accomplished by connecting a 20kQ potentiometer as 
shown in Figure 3. This will provide a gain trim range of 
about ±3%. It is also possible to use external series or parallel 
resistance in the input network, but that is more cumbersome 
and usually will degrade the gain stability over temperature 
due to tempco (temperature coefficient) mismatches among 
the resistors. 

ADC offset may be adjusted by connecting a 500k£2 poten- 
tiometer to pins 21 and 22, with the wiper connected through 
a series 30kQ resistor to ground as shown in Figure 3. This 
will provide an offset trim range of approximately ±0.25% 
FSR. For a larger trim range of offset or gain, it is recom- 
mended that trims be accomplished elsewhere in the system. 

The Clock Adjust input (pin 18) is intended primarily for 
small adjustments of the conversion time. However, this will 
rarely be necessary because the ADC701 is guaranteed to 
convert up to 512kHz over the specified temperature range 
without external clock adjustment. 

POWER AND GROUND CONNECTIONS 

Experience with testing and applying the ADC701 shows 
that it will perform well in most board layouts, provided that 
appropriate care is taken with grounding and bypassing. 

Power supplies may be shared between the ADC70 1 , SHC702 
and other analog circuitry without difficulty. It is recom- 
mended that each power pin be locally bypassed to the 
ground plane with a high quality tantalum capacitor of at 
least lpF. If at all possible, power should be derived from 
well-regulated linear supplies — switching power supplies 
will require much more effort for proper decoupling and are 
not recommended for this or any high performance wide- 
band analog system. 

The +5V Digital supply pins, though not as sensitive to noise 
as the +5V Analog pin, should nonetheless be kept as quiet 
as possible. If the system digital supply is noisy, then it is 
best to use the system +5V analog supply for all of the +5V 
connections on the ADC701 and SHC702 rather than trying 
to separate them. If only one +5V supply is available and it 
is shared with other system logic, then extra bypassing and/ 
or supply filtering may be required. 

The -5V supply will operate with any voltage between -4.75 
and -6V. If -5V is not available from the system supplies, 
then an industry- standard 7905 regulator may be used to 
derive -5V from the -15V supply. 

All ground pins on both the ADC701 and the SHC702 
should be connected directly to a common ground plane. 
This is true for both analog and digital grounds. However, it 
is also helpful to recognize where the digital ground currents 
flow in the system, and to provide PC board return paths for 
potentially troublesome digital currents in addition to the 
ground plane connections. For example, the ADC701 output 


data lines will sink current (statically and/or dynamically) 
when in the low state. This current comes from the power 
supply that runs the interface logic, and so must return to that 
supply’s ground. If the ground termination is placed such that 
this digital current will flow away from the ADC701, then 
the existing ground plane will suffice to carry the current. On 
the other hand, if the ground termination must be placed such 
that the digital current flows across the ADC or SHC layout, 
then it would be advisable to break the analog ground plane 
under the package (to stop the flow of current across the 
package) and to provide a separate trace (several centimeters 
wide) on another PC board layer to carry the digital return! 
current from pins 11 and 19 to the termination point. If the! 
ADC701 must interface into a fairly noisy digital environ- 1 
ment, then another approach is to keep the first layer of 
latches and/or buffers connected to the ADC701 power and 
ground planes, so that the ADC itself is connected to “quiet” 
circuits with short return paths. This transfers the interface 
problem to the outputs of the latches, where it can be 
managed with less impact on the analog components. 

PHYSICAL INSTALLATION 

The packages may be soldered directly into a PC board or 
mounted in low-profile machined pin sockets with good 
results. Use of tall (long lead length) sockets, adapters or 
headers is not recommended unless a local ground plane and 
bypass capacitors can be mounted directly under the pack- 
ages. 

In a room-temperature environment or inside an enclosure 
with moderate airflow, the ADC701 and SHC702 normally 
do not require heat-sinking. However, to keep the devices 
running as cool as possible, it is helpful to install a thin heat- 
transfer plate under the packages to conduct heat into the 
ground plane. The plate may be made from metal (copper, 
aluminum or steel) or from a special heat-conductive mate- 
rial such as Sil-Pad (1) . The Sil-Pad material has the advantage 
of being electrically insulating and somewhat pliable, so that 
it will tend to distribute pressure evenly and conform to the 
package — an advantage in systems where the board may be 
flexed or subjected to vibration. 

PC BOARD LAYOUT 

An optimized layout has been designed for the DEM- 
ADC701-E demonstration fixture. For information concern- 
ing the demo board and the layout, contact your local sales 
representative. 
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ADC701 DIGITAL I/O 

Refer to the timing diagram, Figure 4. The conversion 
process is initiated by a rising edge on the Convert Command 
input. This will immediately bring the sample/hold com- 
mand output to a logic high state (Hold mode). 

After the ADC701 conversion is completed (approximately 
1.5jos after the convert command edge), the Sample/Hold 
Command falls to a low state, enabling the sample/hold to 
begin acquisition of the next input sample. However, the 
ADC701 internal clock continues to run so that the output 
data may be processed. 

There are two methods of reading data from the ADC: 

1. Strobed Output — This will usually be the easiest and 
fastest method. The data are presented sequentially as 
high and low bytes of the total 16-bit word. The sequence 
High-Low or Low-High is controlled by the state of the 
High/Low Byte Select input. The first byte is valid on the 
rising edge of the Data Strobe output; the second byte is 
valid on the falling edge. 

2. Polled output — With this method, data strobes will occur 
as described above, but they are ignored by the user. 
Instead, the user waits until the Data Strobe output falls, 
and then manually selects high and low output data by 
means of the High/Low Byte Select input. This polling 
procedure may be carried out during the subsequent ADC 
conversion cycle, but two precautions must be observed: 
First, the user should avoid switching the High/Low Byte 
Select immediately before or after the next convert 
command. This will prevent digital switching noise from 
coupling into the system at the instant of analog sampling. 
Second, the polling sequence must be completed before 
the ADC begins to strobe out data from the subsequent 
conversion. 


OPTIONS FOR STROBED OUTPUT 

There are several ways in practice to implement the logic 
interface. Figure 3 shows the simplest configurations. In 
order to convert the ADC701’s byte- sequential data into 16- 
bit parallel form, the minimum requirement is for one single 
octal flip-flop, such as a 74HC574 or equivalent. This will 
latch the first byte on the rising edge of the ADC701 Data 
Strobe. Then the second byte becomes valid, and all 16 bits 
may be strobed to the outside system on the falling edge of 
the Data Strobe. 

For better noise isolation of the ADC701 from the digital 
system, or if full three-state capability is required for the 16 
output lines, a second octal flip-flop can be added as shown 
in the dashed lines of Figure 3. This will also require an 
inverter to convert the falling Data Strobe edge into a rising 
clock edge for the second flip-flop IC. 

If it is desirable to have all 16 output lines change simulta- 
neously (for example when driving a D/A converter), then a 
third octal flip-flop (not shown in Figure 3) may be added to 
re-latch the output of the first byte. By driving that device’s 
clock also from the inverted Data Strobe, fully synchronous 
switching of the 16 output bits will be achieved. 

USING THE CLIP DETECT OUTPUT 

The ADC701 provides a built-in Clip Detect signal on pin 9 
which indicates an ADC overrange or underrange condition. 
The Clip Detect signal is only valid when the High Byte 
becomes valid as shown in Figure 4. Therefore, the simplest 
way to latch the Clip Detect signal is to provide an extra flip- 
flop which is clocked on the same strobe edge as the High 
Byte flip-flop. Such a setup is illustrated in Figure 3. The 
Clip Detect signal remains at logic 0 under normal condi- 
tions, and indicates a clip condition by rising to a logic 1. 


Start Conversion Start Conversion 

N N + 1 



NOTES: (1 ) Setup Time 28ns min, 37ns typ. (2) Hold Time 30ns min, 73ns typ. (3) High Byte refers to ADC bits 1-8, the most significant 8 bits. Also, the Clip Detect 
signal on pin 9 is valid simultaneously with High Byte. (4) Low Byte refers to ADC bits 9-16, the least significant bits. 


FIGURE 4. ADC701 Interface Timing Diagram. 
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The latched version of Clip Detect may be used to generate 
an interrupt to the user’s system computer, which would then 
launch a service routine to generate the appropriate alarms or 
corrective action. Another possible application would be to 
stretch the pulse using a monostable so that it would be easily 
visible when driving an LED warning lamp. 

In some systems, it may be desirable to provide separate 
latched outputs for Underrange and Overrange. These condi- 
tions may be separately detected by using simple logic to 
implement the boolean equations: 

Underrange = Clip Detect AND Anybit 
Overrange = Clip Detect AND Anybit 
where “Anybit” is any one of the data output bits. 

The Underrange and Overrange signals would then be 
latched into two separate flip-flops. A simple solution using 
a single ’74 dual flip-flop and a single ’00 quad NAND 
provides enough logic to implement the logic equations, with 
a spare NAND gate left over to use for creating the inverted 
Data Strobe signal. 

USING THE ADC701 AT 
MAXIMUM CONVERSION RATES 

The ADC701 is guaranteed to accept Convert commands at 
a rate of DC to 512kHz over the specified operating tempera- 
ture range. At a conversion rate of 500kHz, the total 
throughput time of 2ps allows for the 1.5ps ADC conversion 
time plus 500ns for the digital output timing and sample/hold 
acquisition time. 


TESTING THE ADC701/SHC702 

The ADC701 and SHC702 together form a very high 
performance converter system and careful attention to test 
techniques is necessary to achieve accurate results. Spectral 
analysis by application of a Fast Fourier Transform (FFT) to 
the ADC digital output is the best method of examining total 
system performance. Attempts to evaluate the system by 
analog reconstruction through a D/A converter will usually 
prove unsatisfactory; assuming that the static and dynamic 
distortions of the D/A can be brought below the required 
level (-110dB), the performance will still be beyond thel 
range of presently available spectrum analyzers. ! 

Even when the analysis is done using FFT techniques, 
several key issues must be addressed. First, the parameters of 
the FFT need to be adequate to perform the analysis and 
extract meaningful data. Second, the proper selection of test 
frequencies is critical for good results. Third, the limitations 
of commercial signal generators must be considered. These 
three points are addressed in later sections. Finally, the test 
board layout must follow the recommendations discussed on 
pages 8 through 10. 

DYNAMIC PERFORMANCE DEFINITIONS 

1. Total Harmonic Distortion (THD): 

„ , Harmonic Power (first 9 harmonics) 

10 log 

Sinewave Signal Power 


If the user tries to exceed the maximum conversion rate by a 
large amount, the Convert Command of conversion N+l will 
occur before the Data Strobe has fallen from conversion N. 
In such a situation, the ADC701 will simply ignore every 
other Convert command so the actual conversion rate will 
become half of the Convert command rate. Otherwise, the 
conversion will proceed normally. Note that the ADC timing 
slows down at high temperatures, so the frequency at which 
this occurs will vary with temperature — although it is still 
guaranteed to be greater than 512kHz over the specified 
temperature range. 

Another consideration for operation at very high rates is that 
the sample/hold acquisition time becomes shorter as the 
conversion rate is increased. Users will note that the avail- 
able acquisition time becomes less than 550ns at rates above 
500kHz, which is less than the typical SHC702 acquisition 
time for a 10V step to 150|iV accuracy. However, the signal 
degradation is gradual as the acquisition time is shortened — 
even at 512kHz, there is enough time to acquire a 5V step to 
better than 500|iV. Also, most signal processing environ- 
ments do not contain full-power signals at the Nyquist 
frequency, but rather show a rolloff of signal power at high 
frequencies. If the ability to acquire extremely large input 
changes at extremely high conversion rates is of paramount 
importance, the user may elect to use a Burr-Brown model 
SHC803 sample/hold instead — it is pin compatible with the 
SHC702 and provides much faster acquisition time at the 
expense of some extra noise and higher distortion at low 
input frequencies. 


2. Signal-to-Noise Ratio (SNR): 


10 log 


Sinewave Signal Power 
Noise Power 


3. Intermodulation Distortion (IMD): 

_ 1 IMD Product Power (RMS sum; to 3rd order) 

10 log 

Sinewave Signal Power 


4. Spurious-Free Dynamic Range (SFDR): 

. Power of Peak Spurious Component 

10 log 

Sinewave Signal Power 


IMD is referred to the larger of the test signals or f 2 — not 
to the total signal power, which would result in a number 
approximately 6dB “better.” The zero frequency bin (DC) is 
not included in these calculations — it represents total offset 
of the ADC, SHC and test equipment and is of little 
importance in dynamic signal processing applications. 
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FFT Parameters 

Accurate FFT analysis of 16-bit systems requires adequate 
computing hardware and software. The FFT length (number 
of points) should be relatively large — at least 4K and 
preferably 16K or larger. There are several reasons for this: 

1 . The converter itself has 64K codes. Ideally, the test would 
guarantee that all codes are tested at least once. Practically 
speaking, however, that would require immensely long 
FFTs (»64K points) or averaging of a large number of 
smaller FFTs. By using an FFT length of 4K or greater 
and proper selection of the test frequencies, a very good 
statistical picture of the ADC performance will be ob- 
tained which shows the effect of any defects in the transfer 
function. 

2. The noise floor of the output spectrum is not low enough 
if less than 4K points are taken. Shorter FFTs have fewer 
bins to cover the output spectrum, so a larger fraction of 
the total system noise appears in each bin. Although the 
SNR of the ADC701/SCH702 system is in the range of - 
93 dB, the noise level of the available generators may 
increase the total measured noise power to -80dB. Every 
doubling of the FFT length will spread the noise power 
among twice as many bins, resulting in a 3dB reduction of 
the spectral noise floor. In order to resolve spurious 
components that are at the level of -llOdB, an average 
noise floor of less than -1 13dB would be barely adequate. 
This requires at least 2048 bins in the output half- 
spectrum, corresponding to a 4K-point FIT. Even at this 
level, it will be difficult or impossible to separate higher 
order harmonics in the ADC701 response from the aver- 
age noise level, indicating that longer FFTs are desirable. 

3. Following the guidelines for test frequency selection 
which are outlined in the next section, it becomes clear 
that longer FFTs allow a much wider choice of test 
frequencies without concern for sophisticated data win- 
dowing or code coverage problems. 

Besides the consideration of FFT length, it is important to 
realize that the FFT calculations must be performed with 
high-precision arithmetic. The use of 32-bit fixed or floating 
point calculations will generally be inadequate because the 
noise floor due to calculation errors alone will interfere with 
the ADC performance data. Unfortunately, this considera- 
tion precludes the use of most DSP accelerator boards and 
similar hardware. In order to preserve the full dynamic range 
of the ADC output, it is best to use standard 64- or 80-bit 
arithmetic. To avoid excessively long calculation times, the 
FFT algorithm should be written in an efficiently compiled 
language and make use of techniques such as trigonometric 
look-up tables in software and dedicated floating-point 
coprocessors in hardware. There are several commercial 
software packages available from Burr-Brown and others 
that meet these requirements. 


SELECTION OF TEST FREQUENCIES 

The FFT (and any similar DSP operation) treats the total 
time-domain record length as one cycle of an infinitely long 
periodic signal. Therefore, if the end of the sampled record 
does not match up smoothly with the beginning, the output 
spectrum will contain serious errors known as leakage or 
truncation error®. This well-known problem is usually handled 
by applying a windowing function to the time-domain 
samples, suppressing the worst effects of the mismatch. 
However, the most often used windows such as Hanning, 
Hamming, raised cosine, etc., are completely inadequate for 
16-bit ADC testing. More sophisticated functions such as the 
four-sample Blackman-Harris window® will provide much 
better results, although there still will be obvious spreading 
of the spectral lines. 

The most successful approach is to eliminate the need for 
windowing by properly selecting the test signal frequency (or 
frequencies) in relation to the ADC sampling frequency®. If 
the time sample contains exactly an integer number of cycles, 
then there is no mismatch or truncation error. Another point 
to consider is that the sampling frequency should not be an 
exact integer multiple of the signal frequency, which would 
tend to reduce the number of different ADC codes that are 
tested and also tend to artificially concentrate quantization 
error in the harmonics of the test signal. 

Both of these criteria are met by choosing an FFT length 
which is a power of two (the most standard and fastest to 
compute) and choosing a test frequency which causes an 
exact odd integer number of cycles to appear in the time 
record. In software, this selection can be accomplished very 
easily: 

1 . Determine the desired sampling frequency f s . 

2. Determine the desired input signal frequency f APPR0X . 

3. Determine the FFT length N, which should be a power of 
2 (e.g., 4096 or 16384). 

4. Divide f APPR0X by f s , multiply the quotient by N, and round 
the result to the nearest odd integer. This is M, the number 
of cycles in the time record. 

5. Multiply M by f s and divide by N to obtain the exact input 
signal frequency f ACTIML . 

SIGNAL GENERATOR CONSIDERATIONS 

To suppress leakage effects, the calculated ratio of f s to 
^actual must b e precisely maintained during the test. This 
requirement is met easily by the use of synthesized signal 
generators whose reference oscillators can be locked to- 
gether. Other possible approaches include external phase 
locking of non-synthesized generators and direct digital 
synthesis techniques. If it is not possible to use phase-locked 
signals, then a Blackman-Harris window may be used as 
mentioned previously. 


Burr-Brown IC Data Book — Data Conversion Products 




2.100 




Or, Call Customer Service at 1-800-548-6132 (USA Only) 


Another key issue is the purity of both the signal and 
sampling frequency generators. The sampling clock’s phase 
noise (jitter) will act as another source of SNR degradation. 
This is not serious as long as the jitter is random and the noise 
sidebands contain no sharp peaks. The HP3325 synthesizer 
is suitable for this purpose. The input signal generator will 
require more attention because its distortion will usually be 
greater than that of the ADC701/SHC702. Presently, the 
lowest distortion synthesized generator is the Briiel & Kjaer 
Model 1051 (or 1049). This is suitable for testing the system 
in the audio range. The upper frequency limit of the B&K 
synthesizer is 200kHz. Above 20kHz, the distortion becomes 
a limiting factor, and low-pass filters must be inserted into 
the signal path to reduce the harmonic and spurious content. 

As noted previously, the combined noise contributions of the 
signal generator and sampling clock generator far exceed the 


SNR of the ADC701/SHC702 itself. The SNR has been 
measured separately by applying a highly filtered sinewave 
to the input, resulting in typical SNR performance of -93dB. 
However, the filters employed to achieve this low-noise test 
stimulus are found to cause reactive loading of the signal 
source which results in increased distortion. Therefore it is 
best to separate the tests for SNR from those for THD and 
IMD, unless a suitably pure and low-noise signal can be 
generated. 

Figures 5 and 6 show block diagrams of FFT test setups for 
the ADC701 and SHC702, summarizing the placement of the 
major components discussed above. The Typical Dynamic 
Performance section shows typical results obtained from 
testing the ADC701/SHC702 at a 500kHz conversion rate, 
using 16K samples for the FFT analysis. 


Start Conversion 
N 


Start Conversion 
N + 1 



FIGURE 5. FFT Test Configuration for Single-Tone Testing. 



FIGURE 6. FFT Test Configuration for Two-Tone (Intermodulation) Testing. 


mm 
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HISTOGRAM TESTING 

The FFT provides an excellent measure of harmonic and 
intermodulation distortion. Low-order spurious products are 
primarily caused by integral nonlinearity of the SHC and 
ADC. The influence of differential linearity errors is harder 
to distinguish in a spectral plot — it may show up as high- 
order harmonics or as very minor variations in the overall 
appearance of the noise floor. 

A more direct method of examining the differential linearity 
(DL) performance is by using the popular histogram test 
method (5) . Application of the histogram test to the ADC701/ 
SHC702 is relatively straightforward, though once again 
extra precision is required for a 16-bit system compared to 8- 
or 12-bit systems. Basically, this means that a very large 
number of samples are required to build an accurate statisti- 
cal picture of each code width. If a histogram is taken using 
only one million points, then the average number of samples 
per code is less than fifteen. This is inadequate for good 
statistical confidence, and the resulting DL plot will look 
considerably worse than the actual performance of the 


converter. In practice 10 to 20 million samples will demon- 
strate good results for a 16-bit system and expose any serious 
flaws in the DL performance. If the memory incrementing 
hardware can keep pace with the ADC701, then 20 million 
samples can be accumulated in well under one minute. The 
last figure on page six shows the results of a 19.6 million 
point histogram taken at an input frequency of 1kHz. 

NOTES: 

1. Available from Bergquist, 5300 Edina Industrial Blvd., Minneapolis, MN 55435 
(612) 835-2322. 

2. Brigham, E. Oran, The Fast Fourier Transform, Englewood Cliffs, N.J.: Prentice- 
Hall, 1974. 

3. Harris, Fredric J., “On the Use of Windows for Harmonic Analysis with the Discrete 
Fourier Transform”, Proceedings of the IEEE, Vol. 66, No. 1, January 1978, pp 51- 
83. 

4. Halbert, Joel M. and Belcher, R. Allan, “Selection of Test Signals for DSP-Based 
Testing of Digital Audio Systems”, Journal of the Audio Engineering Society, Vol. 
34, No. 7/8, July/August, 1986, pp 546-555. 

5. “Dynamic Tests for A/D Converter Performance”, Application Note AN-133, Burr- 
Brown Corporation, Tucson, AZ, 1985. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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BURR - BROWN 



ADC774 


ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-835. 


Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


COMPLETE 12-BIT A/D CONVERTER WITH 
REFERENCE, CLOCK, AND 8-, 12-, or 16- 
BIT MICROPROCESSOR BUS INTERFACE 
ALTERNATE SOURCE FOR HI774 A/D 
CONVERTER: 8.5|is Conversion Time, 
150ns Bus Access Time 


• FULLY SPECIFIED FOR OPERATION ON 
±12V OR ±15V SUPPLIES 

• NO MISSING CODES OVER 
TEMPERATURE: 

0°C to +75°C: ADC774J, K 
-55°C to +125°C: ADC774SH, TH 


DESCRIPTION 


The ADC774 is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom-designed 
for freedom from latch-up and for optimum AC per- 


formance. It is complete with a self-contained +10V 
reference, internal clock, digital interface for micropro- 
cessor control, and three-state outputs. 

The reference circuit, containing a buried zener, is laser- 
trimmed for minimum temperature coefficient. The 
clock oscillator is current-controlled for excellent sta- 
bility over temperature. Full-scale and offset errors may 
be externally trimmed to zero. Internal scaling resistors 
are provided for the selection of analog input signal 
ranges of 0V to +10V, 0V to +20V, ±5V, and ±10V. 

The converter may be externally programmed to pro- 
vide 8- or 12-bit resolution. The conversion time for 12 
bits is factory set for 8.5 ps maximum. 

Output data are available in a parallel format from TTL- 
compatible three-state output buffers. Output data are 
coded in straight binary for unipolar input signals and 
bipolar offset binary for bipolar input signals. 

The ADC774, available in both industrial and military 
temperature ranges, requires supply voltages of +5V 
and ±12V or ±15V. It is packaged in a 28-pin plastic 
DIP, or a hermetic side-brazed ceramic DIP. 


Reference 

Input 


Reference 

Output 



10V 

Reference 


International Airport Industrial Park « Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, V cc = +12V or +15V, V EE = -12V or -15V, V L0GIC = +5V unless otherwise specified. 



| ADC774J, ADC774SH j 

ADC774K, ADC774TH | 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 



* 

Bits 

| INPUTS | 

ANALOG 


n 

i 






Voltage Ranges: Unipolar 


0 to +10,0 to +20 


* 


V 

Bipolar 



±5, ±10 



* 


V 

Impedance: 0 to +10V, ±5V 

3.75 


5 

6.25 

* 

* 

* 

kQ 

±10V, OV to +20V 

7.5 


10 

12.5 

* 

* 

* 

ka 

DIGITAL (CE, CS, R/C, A 0 , 12/8) 

Over Temperature Range 

Voltages: Logic 1 

+2 



+5.5 

. 


. 

V 

Logic 0 

-0.5 



+0.8 

* 


* 

V 

Current 

-5 


0.1 

+5 

* 

* 

* 

pA 

Capacitance 



5 



* 


PF 

| TRANSFER CHARACTERISTICS [ 

ACCURACY 

At +25° C 









Linearity Error 




±1 



±1/2 

LSB 

Unipolar Offset Error (Adjustable to Zero) 




±2 



* 

LSB 

Bipolar Offset Error (Adjustable to Zero) 

Full-Scale Calibration Error* 1 ) 




±10 



±4 

LSB 

(Adjustable to Zero) 




±0.25 



* 

% of FS (2) 

No Missing Codes Resolution (Diff. Linearity) 

11 




12 



Bits 

Inherent Quantization Error 

T MA x 



±1/2 





LSB 

Linearity Efror: J, K Grades 




±1 



±1/2 

LSB 

S, T Grades 




±1 



±3/4 

LSB 

Full-Scale Calibration Error 









Without Initial Adjustment w : J, K Grades 




±0.47 



±0.37 

% of FS 

S, T Grades 




±0.75 



±0.5 

% of FS 

Adjusted to Zero at +25°C: J, K Grades 




±0.22 



±0.12 

% of FS 

S, T Grades 




±0.5 



±0.25 

% of FS 

No Missing Codes Resolution (Diff. Linearity) 

11 




12 



Bits 

TEMPERATURE COEFFICIENTS (T M1N tO T MAX )< 3 > 
Unipolar Offset: J, K Grades 




±10 



±5 

ppm/°C 

S, T Grades 




±5 



±2.5 

ppm/°C 

Max Change: All Grades 




±2 



±1 

LSB 

Bipolar Offset: All Grades 




±10 



±5 

ppm/°C 

Max Change: J, K Grades 




±2 



±1 

LSB 

S, T Grades 




±4 



±2 

LSB 

Full-Scale Calibration: J, K Grades 




±45 



±25 

ppm/°C 

S, T Grades 




±50 



±25 

ppm/°C 

Max Change: J, K Grades 




±9 



±5 

LSB 

S, T Grades 




±20 



±10 

LSB 

POWER SUPPLY SENSITIVITY 

Change in Full-Scale Calibration 

+1 3.5V < V cc <+1 6.5 V or +1 1 ,4V < V cc < +1 2.6V 




±2 



±1 

LSB 

-1 6.5V < V ?E <-1 3.5V or -1 2.6 V < V EE < -1 1 .4V 




±2 



±1 

LSB 

+4.5V < V L0QIC <+5.5V 




±1/2 



* 

LSB 

CONVERSION TIME < 4 5 > 

8-Bit Cycle 



5 

5.3 


* 

. 

ps 

12-Bit Cycle 



7.5 

8.5 


* 


ps 

| OUTPUTS | 

DIGITAL (DB1 1 - DBO, STATUS) 

(Over Temperature Range) 









Output Codes: Unipolar 




Unipolar Straight Binary (USB) 



Bipolar 




Bipolar Offset Binary (BOB) 




Logic Levels: Logic 0 (l SINK = 1 ,6mA) 




+0.4 



* 

V 

Logic 1 (l S0URCE = 500pA) 

+2.4 




* 



V 

Leakage, Data Bits Only, High-Z State 

-5 


0.1 

+5 

* 

* 

* 

pA 

Capacitance 



5 



* 


PF 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T A = +25°C, V cc = +12V or +15V, V EE = -12V or -15V, V LOGtc = +5V unless otherwise specified. 



ADC774J, ADC774SH 

ADC774K, ADC774TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INTERNAL REFERENCE VOLTAGE ] 

Voltage 

+9.9 

+10 

+10.1 

* 

* 

* 

ni 

Source Current Available for External Loads (6) 

2.0 



* 



■mi 

POWER SUPPLY REQUIREMENTS [ 

Voltage: V cc 

+11.4 


+16.5 

jHBHj 


* 


v EE 

-11.4 


-16.5 

■ ■ 


* 


^LOGIC 

+4.5 


+5.5 



* 


Current: l cc 


3.5 

5 


* 

* 

mA 

'ee 


15 

20 

■ ■ 

* 

* 

mA 

Logic 


9 

15 

■ ■ 

* 

* 

mA 

Power Dissipation (±15V Supplies) 


325 

450 



* 

mW 

TEMPERATURE RANGE (Ambient: T M|N , T MAX ) | 

Specifications: J, K Grades 

0 


+75 

■ 


* 

°C 

S, T Grades 

-55 


+125 



* 

°C 

Storage 

-65 


+150 



* 

°C 


‘Same specification as ADC774JH, JP, SH. 

NOTES: (1 ) With fixed 50 Q. resistor from Ref Out to Ref In. This parameter is also adjustable to zero at +25C. (2) FS in this specification table means Full Scale Range. 
That is, fora±10V input range FS means 20V; foraOV to +10V range, FS means 10V. The term Full Scale for these specification instead of Full-Scale Range is used 
to be consistent with other vendors' specifications tables. (3) Using internal reference. (4) See “Controlling the ADC774” section for detailed information concerning 
digital timing. (5) The Harris HI-774 uses a subranging/error correction technique that allows one to begin conversion before a preceding sample-hold or multiplexer 
has settled to ±1/2LSB. For 1 2-bit accurate conversions, the input transient to the ADC774 must settle to less than ±1/2LSB before conversion is started. The ADC774 
is compatible with HI-774 in all other respects. (6) External loading must be constant during conversion. The reference output requires no buffer amplifier with either 
±1 2V or ±1 5V power supplies. 


PIN CONFIGURATION 


Top View 



STATUS 

DB1 1 (MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 
Digital Common 


DIP 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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ABSOLUTE MAXIMUM RATINGS 


V cc to Digital Common 

0 V to + 16.5 V 

V EE to Digital Common 

V L0G |c Digital Common 

0V to -16.5V 

0V to +7V 

+1V 

Control Inputs (CE, CS, A c , 12/8, R/C) 

-0.5V to V LOGIC +0.5V 

Analog Inputs (Ref In, Bipolar Offset, 10V IN 

+16.5V 

20V 1n to Analog Common 

Ref Out 

+24V 

. Indefinite Short to Common, 

Max Junction Temperature 

Power Dissipation 

Lead Temperature (soldering, 10s) 

Thermal Resistance, 0 JA : Ceramic 

Plastic 

Momentary Short to V cc 

+165°C 

1 0OOmW 

+300°C 

50°C/W 

100°C/W 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 


BURN-IN SCREENING 

Bum-in screening is available for both plastic and ceramic 
package ADC774s. Bum-in duration is 160 hours at the 
temperature (or equivalent combination of time and tem- 
perature) indicated below: 

Plastic “-BI” models: +85°C 

Ceramic “-BI” models: +125°C 
All units are 100% electrically tested after bum-in is com- 
pleted. To order bum-in, add “-BI” to the base model 
number (e.g. ADC774KP-BI). See Ordering Information for 
pricing. 


PACKAGE INFORMATION^ 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC774JP 

28-Pin Plastic DIP 

215 

ADC774KP 

28-Pin Plastic DIP 

215 

ADC774JH 

28-Pin Ceramic DIP 

149 

ADC774KH 

28-Pin Ceramic DIP 

149 

ADC774SH 

28-Pin Ceramic DIP 

149 

ADC774TH 

28-Pin Ceramic DIP 

149 

ADC774JP-BI 

28-Pin Plastic DIP 

215 

ADC774KP-BI 

28-Pin Plastic DIP 

215 

ADC774JH-BI 

28-Pin Ceramic DIP 

149 

ADC774KH-BI 

28-Pin Ceramic DIP 

149 

ADC774SH-BI 

28-Pin Ceramic DIP 

149 

ADC774TH-BI 

28-Pin Ceramic DIP 

149 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR MAX 

T max ) 

ADC774JP 

Plastic DIP 

0°C TO +75°C 

±1LSB 

ADC774KP 

Plastic DIP 

0°C to +75°C 

±1/2LSB 

ADC774JH 

Ceramic DIP 

0°C to +75°C 

±1LSB 

ADC774KH 

Ceramic DIP 

0°C to +75°C 

±1/2LSB 

ADC774SH 

Ceramic DIP 

-55°C to +125°C 

±1LSB 

ADC774TH 

Ceramic DIP 

-55°C to +125°C 

±3/4LSB 

BURN-IN SCREENING OPTION 



See text for details. 






TEMPERATURE 

BURN-IN TEMP 

MODEL 

PACKAGE 

RANGE 

(160 HOURS) (1) 

ADC774JP-BI 

Plastic DIP 

0°C to +75°C 

+85 °C 

ADC774KP-BI 

Plastic DIP 

0°C to +75°C 

+85°C 

ADC774JH-BI 

Ceramic DIP 

0°C to +75°C 

+125°C 

ADC774KH-BI 

Ceramic DIP 

0°C to +75°C 

+125°C 

ADC774SH-BI 

Ceramic DIP 

-55°C to +125°C 

+125°C 

ADC774TH-BI 

Ceramic DIP 

-55°C to +125°C 

+125°C 


Burr-Brown IC Data Book — Data Conversion Products 




2.106 




















Or, Call Custom Service at 1-800-548-6132 (USA Only) 


CONTROLLING THE ADC774 

This is an abridged data sheet. For Discussion of Specifica- 
tions, Installation, Calibration refer to ADC574A data sheet 
or order PDS-835. 

The Burr-Brown ADC774 can be easily interfaced to most 
microprocessor systems and other digital systems. The 
microprocessor may take full control of each conversion, or 
the converter may operate in a stand-alone mode, controlled 
only by the R/C input. Full control consists of selecting an 
8- or 12-bit conversion cycle, initiating the conversion, and 
reading the output data when ready — choosing either 12 bits 
all at once, or 8 bits followed by 4 bits in a left-justified 
format. The five control inputs (12/8, CS, A Q , R/C, and CE) 
are all TTL-/CMOS-compatible. The functions of the con- 
trol inputs are described in Table I. The control function 
truth table is listed in Table II. 

Read footnote 5 to the Electrical Specifications table if 
using ADC774 to replace the HI-774. 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is ac- 
complished by a single control line connected to R/C. In this 
mode CS and A Q are connected to digital common and CE 
and 12/8 are connected to V LOGIC (+5V). The output data are 
presented as 12-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not 
require full bus interface capability. 


Conversion is initiated by a high-to-low transition of R/C. 
The three-state data output buffers are enabled when R/C is 
high and STATUS is low. Thus, there are two possible 
modes of operation; conversion can be initiated with either 
positive or negative pulses. In either case the R/C pulse 
must remain low for a minimum of 50ns. 





v T 


1 

L V 



L 

DB11-DB0 DataV 




1 


FIGURE 1. R/C Pulse Low — Outputs Enabled After Con- 
version. 
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FIGURE 2. R/C Pulse High— Outputs Enabled Only While 
R/C Is High. 


PIN 

DESIGNATION 

DEFINITION 

FUNCTION 

CE (Pin 6) 

Chip Enable 
(active high) 

Must be high (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a 
conversion. 

CS (Pin 3) 

Chip Select 
(active low) 

Must be low (“0”) to either initiate a conversion or read output data. 1-0 edge may be used to initiate 
a conversion. 

R/C (Pin 5) 

Read/Convert 
(“1” = read) 

(“0” = convert) 

Must be low (“0”) to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a 
conversion. Must be high (“1”) to read output data. 0-1 edge may be used to initiate a read operation. 

A 0 (Pin 4) 

Byte Address 

Short Cycle 

In the start-convert mode, A 0 selects 8-bit (A 0 = “1”) or 12-bit (A 0 = “0”) conversion mode. When reading 
output data in two 8-bit bytes, A 0 = “0” accesses 8 MSBs (high byte) and A 0 = “1 ” accesses 4 LSBs and 
trailing “0s” (low byte). 

12/8 (Pin 2) 

Data Mode Select 
(“1" = 12 bits) 

(“0” = 8 bits) 

When reading output data, 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0” will enable the 
MSBs or LSBs as determined by the A 0 line. 


TABLE I. ADC774 Control Line Functions. 


na 

CS 

R/C 

12/8 

E9 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

t 

0 

0 

X 

0 

Initiate 12-bit conversion 

t 

0 

0 

X 

1 

Initiate 8-bit conversion 

i 

* 

0 

X 

0 

Initiate 1 2-bit conversion 

i 


0 

X 

1 

Initiate 8-bit conversion 

i 

0 


X 

0 

Initiate 12-bit conversion 

i 

0 

4 

X 

1 

Initiate 8-bit conversion 

i 

0 

1 

1 

X 

Enable 1 2-bit output 

i 

0 

1 

0 

0 

Enable 8 MSBs only 

i 

0 

1 

0 

1 

Enable 4 LSBs plus 4 
trailing zeros 


TABLE II. Control Input Truth Table. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

flRL 

Low R/C Pulse Width 

50 



ns 


STS Delay from R/C 



200 

ns 


Data Valid After R/C Low 

25 



ns 

^HS 

STS Delay After Data Valid 


150 

375 

ns 

^HRH 

High R/C Pulse Width 

150 



ns 

*DDR 

Data Access Time 



150 

ns 


TABLE III. Stand-Alone Mode Timing. 
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Figure 1 illustrates timing when conversion is initiated by an 
R/C pulse which goes low and returns to the high state 
during the conversion. In this case, the three-state outputs 
go to the high-impedance state in response to the falling 
edge of R/C and are enabled for external access of the data 
after completion of the conversion. Figure 2 illustrates the 
timing when conversion is initiated by a positive R/C pulse. 
In this mode the output data from the previous conversion is 
enabled during the positive portion of R/C. A new conver- 
sion is started on the falling edge of R/C, and the three-state 
outputs return to the high-impedance state until the next 
occurrence of a high R/C pulse. Timing specifications for 
stand-alone operation are listed in Table III. 



FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the state 
of the A q input, which is latched upon receipt of a conver- 
sion start transition (described below). If A Q is latched high, 
the conversion continues for 8 bits. The full 12-bit conver- 
sion will occur if A Q is low. If all 12 bits are read following 
an 8-bit conversion, the 3 LSBs (DB0-DB2) will be low 
(logic 0) and DB3 will be high (logic 1). A 0 is latched 
because it is also involved in enabling the output buffers. No 
other control inputs are latched. 


CE ■ 
cs ■ 


A 0 - 


■ .... — mJ 
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FIGURE 4. Read Cycle Timing. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


STS Delay from CE 


60 

200 

ns 


CE Pulse Width 

50 

30 


ns 


CS to CE Setup time 

50 

20 


ns 


CS low during CE high 

50 

20 


ns 


R/C to CE setup 

50 

0 


ns 

^HRC 

R/C low during CE high 

50 

20 


ns 

*SAC 

A 0 \to CE setup 

0 



ns 


A 0 valid during CE high 

50 

20 


ns 

t C 

Conversion time 






12-bit cycle at 25°C 


7.5 

8.5 

ps 


0 to +75°C 



9.0 

M'S 


-55°C to +125°C 



9.5 

M-S 


8-bit cycle at 25°C 


5 

5.3 

MS 


0 to +75°C 



5.6 

MS 


-55° to +125°C 



6 

MS 

Read Mode 






t DD 

Access time from CE 


75 

150 

ns 

Ld 

Data valid after CE low 

25 

35 


ns 

V)L 

Output float delay 


100 

150 

ns 

^SSR 

CS to CE setup 

50 

0 


ns 

^SAR 

R/C to CE setup 

0 



ns 

Lsr 

CS valid after CE low 

0 



ns 

^HRR 

R/C high after CE low 

0 



ns 

Lar 

A 0 valid after CE low 

50 



ns 

Ls 

STS delay after data valid 


150 

375 

ns 


TABLE IV. Timing Specifications. 
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CONVERSION START 

The converter is commanded to initiate a conversion by a 
transition occuring on any of three logic inputs (CE, CS, and 
R/C) as shown in Table II. Conversion is initiated by the last 
of the three to reach the required state and thus all three may 
be dynamically controlled. If necessary, all three may change 
state simultaneously, and the nominal delay time is the same 
regardless of which input actually starts conversion. If it is 
desired that a particular input establish the actual start of 
conversion, the other two should be stable a minimum of 
50ns prior to the transition of that input. Timing relation- 
ships for start of conversion timing are illustrated in Figure 
3. The specifications for timing are contained in Table IV. 

The STATUS output indicates the current state of the con- 
verter by being in a high state only during conversion. 
During this time the three-state output buffers remain in a 
high-impedance state, and therefore data cannot be read 
during conversion. During this period additional transitions 
of the three digital inputs which control conversion will be 


ignored, so that conversion cannot be prematurely termi- 
nated or restarted. However, if A Q changes state after the 
beginning of conversion, any additional start conversion 
transition will latch the new state of A 0 , possibly resulting in 
an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: R/C high, STATUS low, 
CE high, and CS low. Upon satisfaction of these conditions 
the data lines are enabled according to the state of inputs 
12/8 and A Q . See Figure 4 and Table IV for timing relation- 
ships and specifications. 
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BURR - BROWN 



ADC803 

ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-493. 


High Speed 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 12-BIT RESOLUTION 

• LINEARITY ERROR: ±0.12%, max 
(C Grade) 

• NO MISSING CODES: -55°C to +125°C 
(S Grade) 

• HIGH SINAD RATIO: 72dB 

• LOW HARMONIC DISTORTION: -73dB 

• CONVERSION TIME: 500ns, 8 Bits 

670ns, 10 Bits 
1.5jxs, 12 Bits 


DESCRIPTION 

The ADC803 is a high speed hybrid successive 
approximation analog-to-digital converter utilizing 
laser- trimmed thin film components. 

It is complete with internal reference, clock, and 
comparator, and is packaged in a 32-pin metal pack- 
age. Conversion time is set at the factory to 1.5ps. 

With user-adjusted conversion time set at lps, ±1LSB 
accuracy can be achieved. The gain and offset errors 
may be externally trimmed to zero. 

Internal scaling resistors are provided for the selection 
of analog signal input ranges of 0V to -10V, ±5V, 
and ±10V. 

Output codes available are complementary binary for 
unipolar inputs and bipolar offset binary for bipolar 
inputs. 

All digital inputs and outputs are TTL-compatible. 
Power supply requirements are ±15 V and +5V. 


12-Bit 

Successive Approx. 
Register (SAR) 


) Convert Command 


) Comparator In 


) Clock Rate Control 
) Clock Out 
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SPECIFICATIONS 


At +25°C, rated power supplies, 1 .5ps conversion time, and after 6-minute warm-up, unless otherwise noted. 



ADC803CM 

ADC803BM 

ADC803SM 


PARAMETER 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


RESOLUTION 



12 



12 



12 

Bits 

INPUTS | 

ANALOG 

Voltage Ranges: Bipolar 


±5, ±10 



* 



* 


V 

Unipolar 


0 to -1 0 



* 



* 


V 

Impedance: -1 0 V to 0 V, ±5 V 


1.4 



* 



* 


kQ 

±10V 


2.4 



* 



* 


kQ 

DIGITAL 











Convert Command 


Negative pulse 50ns wide (min) trailing edge (0 to 1) initiates conversion. 


Logic Loading 


1 

_ 1 

1 

1 

• 1 





* 

TTL Loads 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error (1) 


±0.04 

±0.1 


±0.08 

±0.2 


±0.04 

±0.1 

% 

Offset Error* 1 ’: Unipolar 


±0.05 

±0.2 


±0.07 

±0.3 


* 

* 

% of FSR (2) 

Bipolar 


±0.02 

±0.1 


* 

±0.2 



* 

% of FSR 

Linearity Error: 











1 ,5ps Conversion Time 


±0.009 

±0.012 



±0.020 


±0.012 

±0.015 

% of FSR 

1 .Ops Conversion Time 

Differential Linearity Error: 


±0.015 

±0.020 


±0.020 





% of FSR 

1 .5ps Conversion Time 


±0.012 

±0.015 



±0.020 


* 

* 

% of FSR 

1 .Ops Conversion Time 



±0.024 


±0.024 



* 


% of FSR 

Inherent Quantization Error 


1/2 



* 





LSB 

POWER SUPPLY SENSITIVITY 

Gain and Offset: +15VDC 


±0.0036 



* . 





% of FSR/%V CC 

-15VDC 


±0.0005 



* 



* 


% of FSR/%V CC 

+5VDC 


±0.001 



* 



* 


% of FSR/%V dd 

Conversion Time: +15VDC 


±0.7 



* 



* 


%/%v cc 

-15VDC 


None 



* 



* 


%/%v cc 

+5VDC 


±0.8 



* 



* 


%/%v DD 

CONVERSION TIME 

Factory Set 

1.3 


1.5 

* 


* 

* 


* 

ps 

Range of Adjustments 

0.8 


2.2 

* 


* 

* 


* 

ps 

DRIFT 

Gain 


±10 

±30 


±15 

* 


* 

* 

ppm of FSR/°C 

Offset: Unipolar 


±2 

±7 


±3 

* 


* 

* 

ppm of FSR/°C 

Bipolar 


±3 

±10 


±5 

* 


* 

* 

ppm of FSR/°C 

Linearity Error 











-25°C to +85°C: 











1 .5ps Conversion Time 


±0.012 

±0.018 



±0.024 



* 

% of FSR 

1 .Ops Conversion Time 
-55°C to +125°C: 


±0.015 



±0.020 





% of FSR 

1 .7ps Conversion Time, max (4) 

Differential Linearity Error 








±0.015 

±0.024 

% of FSR 

-25°C to +85°C: 











1 .5ps Conversion Time 


±0.012 

±0.018 



±0.024 




% of FSR 

1 .Ops Conversion Time 
-55°C to +125°C: 


±0.015 



±0.024 





% of FSR 

1 .7ps Conversion Time, max (4) 


±0.1 






±0.015 

±0.024 

% of FSR 

Conversion Time 





* 





% of FSR 

No Missing Code Temp. Range: 

1 .5ps Conversion Time 

-25 


+85 

* 


* 




°C 

1 .7ps Conversion Time, max (4) 







-55 


+125 

°C 

OUTPUT | 

DIGITAL DATA 

Parallel 











Output Codes: Unipolar 

Complementary Straight Binary 


* 



* 



Bipolar 

Bipolar Offset Binary 


* 



* 



Output Drive 

6 



* 



* 



TTL Loads 

Status 

Logic “1 

During Conversion 


* 



* 



Status Output Drive 

Internal Clock 

6 









TTL Loads 

Clock Output Drive 

3 



* 



* 



TTL Loads 

Frequency (without external clock adj.) 


8 








MHz 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


At +25°C, rated power supplies, 1 .5(is conversion time, and after 6-minute warm-up, unless otherwise noted. 



ADC803CM 

ADC803BM 

ADC803SM 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS 

Power Consumption 












Rated Voltage: Analog (±V CC ) 

±14.25 

±15 

±15.75 

* 

* 

* 

* 


* 

* 

VDC 

Digital (V DD ) 

+4.75 

+5 

+5.25 

* 

* 

* 

* 


* 

* 

VDC 

Supply Drain: +15V 


+27 

+32 


* 

* 



* 

* 

mA 

-15V 


-38 

-55 


* 

* 



* 

* 

mA 

+5V 


+180 

+210 


* 

* 



* 

* 

mA 

TEMPERATURE RANGE (Ambient) 

Specification 

-25 


+85 


| 


-55 



+125 

°C 

Storage 

-55 


+125 




* 



* 

°C 


* Same specification as for ADC803CM. 


NOTES: (1) Adjustable to zero. See Optional Gain and Offset Adjustment section. (2) FSR means Full Scale Range. For example, unit connected for ±10V has 
20V FSR. (3) See Optional Clock Rate Control section. For faster conversion time at less resolution, see section on External Short Cycle. (4) Conversion time is 
factory-set at approximately 1.4ps at +25°C. As temperature increases, the conversion time increases. At +125°C the conversion time will be no more than 1.7|is. 
No Missing Codes is guaranteed over -55°C to +125°C provided the conversion time is allowed to increase with temperature. 

ADC803 dynamic performance characteristics are described in a report titled “Analogue-to-Digital Converter Performance Tests Using the Fast Fourier Transform” 
by R. A. Belcher, University College of Swansea, Wales, UK. (available from Burr-Brown on letterhead request). 


CONNECTION DIAGRAM 


(MSB) Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit5 
Bit 6 

+5VDC (V DD ) Supply 
Digital Common 

(D 

Status 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 
Bit 12 



NOTE: (1) Serial data is not guaranteed. 


Analog Common 
+15VDC Supply (+V CC ) 
-15VDC Supply (-V cc ) 
Bipolar Offset 
Analog Common 
Sense 

Comparator In 

10V 

20V 

-15VDC Supply (-Vcc) 
+5VDC Supply (V DD ) 
Digital Common 
+15VDC Supply (+V CC ) 
Clock Rate Control 
Convert Command 
Clock Out 


ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS 


ADC803 X M Q 

Basic Model Number > 

Performance Grade Code 

B, C = -25°C to +85°C 
S = -55°C to +125°C 

Package Code 

M = Metal DIP 

Reliability Screening 

Q = Q-Screened 


Analog Supply Voltage To Analog Common ±18V 

Digital Supply Voltage To Digital Common +7V 

Digital Controls Inputs +5.5V 

Analog Inputs ±15V 

Operating Temperature: Ambient +125°C 

Case +135°C 

Storage Temperature +125°C 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADC803 

32-Pin Metal 

116 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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Autocalibrating, 4-Channel, 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• TOTAL UNADJUSTED ERROR < 1/2LSB 
OVER FULL TEMPERATURE RANGE 

• FOUR-CHANNEL INPUT MULTIPLEXER 

• LOW POWER: lOmW plus Power Down 
Mode 

• SINGLE SUPPLY: +5V 

• FAST CONVERSION TIME: 8.5{os Including 
Acquisition 

• AUTOCAL: No Offset or Gain Adjust 
Required 

• UNIPOLAR INPUTS: OV to 5V 

• MICROPROCESSOR-COMPATIBLE 
INTERFACE 

• INTERNAL SAMPLE/HOLD 
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DESCRIPTION 

The ADC7802 is a monolithic CMOS 12-bit A/D 
converter with internal sample/hold and four-channel 
multiplexer. An autocalibration cycle, occurring auto- 
matically at power on, guarantees a total unadjusted 
error within ±1/2LSB over the specified temperature 
range, eliminating the need for offset or gain adjust- 
ment. The 5V single-supply requirements and stan- 
dard CS, RD, and WR control signals make the part 
very easy to use in microprocessor applications. Con- 
version results are available in two bytes through an 8- 
bit three-state output bus. 

The ADC7802 is available in a 28-pin plastic DIP and 
28-lead PLCC, fully specified for operation over the 
industrial -40°C to +85°C temperature range. 
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SPECIFICATIONS 


ELECTRICAL 

V A = V D =• V REF + = 5V ±5%; V A > V D > V REF +; V REF - = AGND = DGND = OV; CLK = 2MHz external with 50% duty cycle, T A = -40°C to +85°C, after calibration cycle at any 
temperature; unless otherwise specified. 




ADC7802BP/ADC7802BN 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 

Bits 

ANALOG INPUT 

Voltage Input Range 

V ref + = 5 V,V ref -=0V 

0 


5 

V 

Input Capacitance 



50 


PF 

On State Bias Current 



100 


nA 

Off State Bias Current 

T a = 25°C 



10 

nA 


T a = -40°C to +85°C 



100 

nA 

On Resistance Multiplexer 



2 


kQ 

Off Resistance Multiplexer 



10 


MQ 

Channel Separation 

500Hz 


92 


dB 

REFERENCE INPUT 

For Specified Performance: V REF + 

v ref +*v a 


5 


V 

Vref~ 



0 


V 

For Derated Performance: (1) V REF + 


4.5 


v A 

V 

v REF - 


0 


1 

V 

Input Reference Current 

V ref + = 5V,V ref - = 0V 


10 

100 

pA 

THROUGHPUT TIMING 

Conversion Time With External Clock (Including 

CLK = 2MHz, 50% Duty Cycle 



8.5 

ps 

Multiplexer Settling Time and Acquisition Time) 

CLK = 1 MHz, 50% Duty Cycle 



17 

M'S 


CLK = 500kHz, 50% Duty Cycle 



34 

ps 

With Internal Clock Using 

T a = +25°C 



10 

ps 

Recommended Clock Components 

T a = -40°C to +85°C 


10 


ps 

Analog Signal Bandwidth (2) 



500 


Hz 

Slew Rate (2) 


8 



mV/ps 

Multiplexer Settling Time to 0.01% 



460 


ns 

Multiplexer Access Time 




20 

ns 

ACCURACY 

Total Adjusted Error, (3) All Channels 




±1/2 

LSB 

Differential Nonlinearity 

No Missing Codes 



Guaranteed 

±1/2 

LSB 

Gain Error 

All Channels 



±1/4 

LSB 

Gain Error Drift 

Between Calibration Cycles 


±0.2 


ppm/°C 

Offset Error 

All Channels 



±1/4 

LSB 

Offset Error Drift 

Between Calibration Cycles 


±0.2 


ppm/°C 

Channel-to-Channel Mismatch 




±1/4 

LSB 

Power Supply Sensitivity 

V A = V D = 4.75V to 5.25V 


±1/8 


LSB 

DIGITAL INPUTS 

All Pins Other Than CLK: V 1L 




0.8 

V 

V, H 


2.4 



V 

Input Current 

T a = +25°C, V |N = 0 to V D 



1 

pA 


T a = -40°C to +85°C, V |N = 0 to V D 



10 

pA 

CLK Input: V IL 




0.8 

V 

V|h 


3.5 



V 

',L 




10 

pA 

'iH 




1.5 

mA 

l|H 

Power Down Mode (D3 in SFR HIGH) 



100 

nA 

DIGITAL OUTPUTS 

^OL 

l S | NK = 1.6mA 



0.4 

V 

Vqh 

Isource " 200pA 

4 



V 

Leakage Current 

High-Z State, V OUT = 0V to V D 



±1 

pA 

Output Capacitance 

High-Z State 

4 


15 

PF 

POWER SUPPLIES 

Supply Voltage for Specified Performance: V A 


4.75 

5 

5.25 

V 

v D 

v A ^v 0 

4.75 

5 

5.25 

V 

Supply Current: l A 



1 

2.5 

mA 

'd 

Logic Input Pins HIGH or LOW 


1 

2 

mA 

Power Dissipation 

WR = RD = CS = BUSY = HIGH 


10 


mW 

Power Down Mode 

See Table III, Page 9 


50 


pW 

TEMPERATURE RANGE 

Specification 


-40 


+85 

°C 

Storage 


-65 


+150 

°C 


NOTES: (1 ) For (V REF +) - (V REF — ) as low as 4.5V, the total error will typically not exceed ±1 LSB. (2) Faster signals can be accurately converted by using an external sample/ 
hold in front of the ADC7802. (3) After calibration cycle, without external adjustment. Includes gain (full scale) error, offset error, integral nonlinearity, differential 
nonlinearity, and drift. 
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ABSOLUTE MAXIMUM RATINGS 


V A to Analog Ground 6.5V 

V D to Digital Ground 6.5V 

Pin V A to Pin V D ±0.3V 

Analog Ground to Digital Ground ±1 V 

Control Inputs to Digital Ground -0.3V to V D + 0.3V 

Analog Input Voltage to Analog Ground -0.3V to V D + 0.3V 

Maximum Junction Temperature 150°C 

Internal Power Dissipation 875mW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, 0 JA : Plastic DIP 75°C/W 

PLCC 75°C/W 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

ADC7802BN 

28-Pin PLCC 

251 

ADC7802BP 

28-Pin Plastic DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 



MAXIMUM 

SPECIFICATION 



TOTAL 

TEMPERATURE 


MODEL 

ERROR, LSB 

RANGE, °C 

PACKAGE 

ADC7802BN 

±1/2 

-40 to +85 

PLCC 

ADC7802BP 

±1/2 

-40 to +85 

Plastic DIP 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATIONS 



PIN# 

NAME 

DESCRIPTION 

1 

SFR 

Special Function Register. When connected to a microprocessor address pin, allows access to special functions through DO to 

D7. See the sections discussing the Special Function Register. If not used, connect to DGND. This pin has an internal pull-down. 

2 to 5 

AINO to AIN3 

Analog inputs. Channel 0 to channel 3. 

6 

v REF + 

Positive voltage reference input. Normally +5V. Must be < V A . 

7 

v REF - 

Negative voltage reference input. Normally OV. 

8 

DGND 

Digital ground. DGND = 0V. 

9 

v D 

Logic supply voltage. V D = +5V. Must be < V A and applied after V A . 

10 to 17 

10 

11 

12 

13 

14 

15 

16 

17 

DO to D7 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Data Bus Input/Output Pins. Normally used to read output data. See section on SFR (Special Function Register) for other 
uses. 

When SFR is LOW, these function as follows: 

Data Bit 7 if HBE is LOW; if HBE is HIGH, acts as converter status pin and is HIGH during conversion or calibration, goes 

LOW after the conversion is completed. (Acts as an inverted BUSY.) 

Data Bit 6 if HBE is LOW; LOW if HBE is HIGH. 

Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 

Data Bit 4 if HBE is LOW; LOW if HBE is HIGH. 

Data Bit 3 if HBE is LOW; Data Bit 1 1 (MSB) if HBE is HIGH. 

Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 

Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. 

Data Bit 0 (LSB) if HBE is LOW; Data Bit 8 if HBE is HIGH. 

18 

RD 

Read Input. Active LOW; used to read the data outputs in combination with CS and HBE. 

19 

CS 

Chip Select Input. Active LOW. 

20 

WR 

Write Input. Active LOW; used to start a new conversion and to select an analog channel via address inputs AO and A1 in 
combination with CS. The minimum WR pulse LOW width is 100ns. 

21 

HBE 

High Byte Enable. Used to select high or low data output byte in combination with CS and RD, or to select SFR. 

22 

BUSY 

BUSY is LOW during conversion or calibration. BUSY goes HIGH after the conversion is completed. 

23 

CLK 

Clock Input. For internal/external clock operation. For external clock operation, connect pin 23 to a 74 HC-compatible clock 
source. For internal clock operation, connect pin 23 per the clock operation description. 

24 to 25 

AO to A1 

Address Inputs. Used to select one of four analog input channels in combination with CS and WR. The address inputs are 
latched on the rising edge of WR or CS. 

A1 A0 Selected Channel 

LOW LOW AINO 

LOW HIGH AIN1 

HIGH LOW AIN2 

HIGH HIGH AIN3 

26 

CAL 

Calibration Input. A calibration cycle is initiated when CAL is LOW. The minimum pulse width of CAL is 100ns. If not used, 
connect to V D . In this case calibration is only initiated at power on, or with SFR. This pin has an internal pull-up. 

27 

AGND 

Analog Ground. AGND = 0V. 

28 

v A 

Analog Supply. V A = +5V. Must be > V D and V REF +. 
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TYPICAL PERFORMANCE CURVES 

V A = V D = V REF + = 5V, V REF - = AGND = OV, T A = +25°C, unless otherwise specified. 



1 10 100 1000 
Frequency of 5Vp-p Signal on Channel AIN2 (kHz) 



SIGNALV(NOISE + DISTORTION) 
vs INPUT FREQUENCY 




0.1 1 10 100 1000 
Frequency (kHz) 



Ambient Temperature (°C) 


r clock ( kn ) 
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THEORY OF OPERATION 

ADC7802 uses the advantages of advanced CMOS technol- 
ogy (logic density, stable capacitors, precision analog 
switches, and low power consumption) to provide a precise 
12-bit analog-to-digital converter with on-chip sampling and 
four-channel analog-input multiplexer. 

The input stage consists of an analog multiplexer with an 
address latch to select from four input channels. 

The converter stage consists of an advanced successive 
approximation architecture using charge redistribution on a 
capacitor network to digitize the input signal. A temperature- 
stabilized differential auto-zeroing circuit is used to mini- 
mize offset errors in the comparator. This allows offset errors 
to be corrected during the acquisition phase of each conver- 
sion cycle. 

Linearity errors in the binary weighted main capacitor net- 
work are corrected using a capacitor trim network and 
correction factors stored in on-chip memory. The correction 
terms are calculated by a microcontroller during a calibration 
cycle, initiated either by power-up or by applying an external 
calibration signal at any time. During conversion, the correct 
trim capacitors are switched into the main capacitor array as 
needed to correct the conversion accuracy. This is faster than 
a complex digital error correction system, which could slow 
down the throughput rate. With all of the capacitors in both 
the main array and the trim array on the same chip, excellent 
stability is achieved, both over temperature and over time. 

For flexibility, timing circuits include both an internal clock 
generator and an input for an external clock to synchronize 
with external systems. Standard control signals and three- 
state input/output registers simplify interfacing ADC7802 to 
most micro-controllers, microprocessors or digital storage 
systems. 

Finally, this performance is matched with the low-power 
advantages of CMOS structures to allow a typical power 
consumption of lOmW. 

OPERATION 

BASIC OPERATION 

Figure 1 shows the simple circuit required to operate 
ADC7802 in the Transparent Mode, convert ing a single 
input channel. A co nvert co mmand on pin 20 (WR) starts a 
conversion. Pin 22 (BUSY) will output a LOW during the 
conversion process (including sample acquisition and con- 
version), and rises only after the conversion is completed. 
The two bytes of output data can then be read using pin 18 
(RD) and pin 21 (HBE). 

STARTING A CONVERSION 

A conversion is initiated on the rising edge of the WR input, 
with valid signals on AO, A1 and CS. The selected input 
channel is sampled for five clock cycles, during which the 
comparator offset is also auto-zeroed to below 1/4LSB of 
error. The successive approximation conversion takes place 
during clock cycles 6 through 17. 



Figures 2 and 3 show the full conversion sequence and the 
timing to initiate a conversion. 

CALIBRATION 

A calibration cycle is initiated automatically upon power-up 
(or after a power failure). Calibration can also be initiated by 
the user at any time by the rising edge of a minimum 100ns- 
wide LOW pulse on the CAL pin (pin 26), or by setting D1 
HIGH in the Special Function Register (see SFR section). A 
calibration command will initiate a calibration cycle, regard- 
less of whether a conversion is in process. During a calibra- 
tion cycle, convert commands are ignored. 

Calibration takes 168 clock cycles, and a normal conversion 
(17 clock cycles) is added automatically. For maximum 
accuracy, the supplies and reference need to be stable during 
the calibration procedure. To ensure that supply voltages and 
reference voltages have settled and are stable, an internal 
timer provides a waiting period of 42,425 clock cycles 
between power-up/power-failure and the start of the calibra- 
tion cycle. 

READING DATA 

Data from the ADC7802 is read in two 8-bit bytes, with the 
Low byte containing the 8 LSBs of data, and the High byte 
containing the 4 MSBs of data. The outputs are coded in 
straight binary (with 0V = 000 hex, 5V = FFF hex), and the 
data is presented in a right-justified format (with the LSB as 
the most right bit in the 16-bit word). Two read operations are 
required to transfer the High byte and Low byte, and the 
bytes are presented according to the input level on the High 
Byte Enable pin (HBE). 
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FIGURE 2. Converter Timing. 



FIGURE 3. Write Cycle Timing (for initiating conversion or calibration). 



FIGURE 4. Read Cycle Timing. 
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TRANSPARENT MODE 

This is the default mode for ADC7802. In this mode, the 
conversion decisions from the successive approximation 
register are latched into the output register as they are made. 
Thus, the High byte (the 4 MSBs) can be read after the end 
of the ninth clock cycle (five clock cycles for the mux 
settling, sample acquisition and auto-zeroing of the compara- 
tor, followed by the four clock cycles for the 4 MSB de ci- 
sions.) The complete 12-bit data is available after BUSY has 
gone HIGH, or the internal status flag goes LOW (D7 when 
HBE is HIGH). 

LATCHED OUTPUT MODE 

This mode is activated by writing a HIGH to DO and LOWs 
to D 1 to D7 in the Special Function Register with CS and WR 
LOW and SFR and HBE HIGH. (See the discussion of the 
Special Function Register below.) 


In this mode, the data from a conversion is latched into the 
output buffers only after a conversion is complete, and 
remains there until the next conversion is completed. The 
conversion result is valid during the next conversion. This 
allows the data to be read even after a new conversion is 
started, for faster system throughput. 

TIMING CONSIDERATIONS 

Table I and Figures 3 through 8 show the digital timing of 
ADC7802 under the various operating modes. All of the 
critical parameters are guaranteed over the full -40°C to 
+85°C operating range for ease of system design. 

SPECIAL FUNCTION REGISTER (SFR) 

An internal register is available, either to determine addi- 
tional data concerning the ADC7802, or to write additional 
instructions to the converter. Access to the Special Function 
Register is made by driving SFR HIGH. 


SYMBOL 

PARAMETER m 

MSN 

TYP 

MAX 

UNITS 

t, 

CS to WR Setup Time < 2 > 

0 

0 

0 

ns 

*. 

WR or CAL Pulse Width 

100 



ns 

*3 

CS to WR Hold Time < 2 ’ 

0 

0 

0 

ns 

t 4 

WR to BUSY Propagation Delay 

20 

50 

150 

ns 

*5 

AO, A1, HBE, SFR Valid to WR Setup Time 

0 



ns 

*6 

AO, A1, HBE, SFR Valid to WR Hold Time 

20 



ns 

*7 

BUSY to CS Setup Time 

0 



ns 

t. 

CS to RD Setup Time <2) 

0 

0 

0 

ns 

t 9 

RD Pulse Width 

100 



ns 

^10 

CS to RD Hold Time < 2 > 

0 

0 

0 

ns 

t„ 

HBE, SFR to RD Setup Time 

50 



ns 

La 

HBE, SFR to RD Hold Time 

0 



ns 

*13 

RD to Valid Data (Bus Access Time) (3) 


80 

150 

ns 

*14 

RD to Hi-Z Delay (Bus Release Time) (3) 


90 

180 

ns 

*15 

RD to Hi-Z Delay For SFR < 3 > 

20 


60 

ns 

*16 

Data Valid to WR Setup Time 

100 



ns 

*17 

Data Valid to WR Hold Time 

20 



ns 

NOTES: (1) All input control signals are specified with t RISE = t FALL = 20ns (10% to 90% of 5V) and timed from a voltage level of 1 .6V. Data is timed from V IH , V IL , 

Vqh or V 0L . (2) The internal RD pulse is performed by a NOR wiring of CS and RD. The internal WR pulse is performed by a NOR wiring of CS and WR. (3) Figures 

7 and 8 show the measurement circuits and pulse diagrams for testing transitions to and from Hi-Z states. 




TABLE I. Timing Specifications (CLK = 1MHz external, T A = -40°C to +85°C). 



CS 

1 

RD 


SFR 

1 

d 

HBE 

=3 


-v 


JT 


r 


v 




SFR Data 


FIGURE 6. Reading the SFR. 
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Table II shows the data in the Special Function Register that 
will be transferred to the output bus by driving HBE HIGH 
(with SFR HI GH) a nd initiating a read cycle (driving RD and 
CS LOW with WR HIGH as shown in Figure 4.) The Power 
Fail flag in the SFR is set when the power supply falls below 
about 3 V. The flag also means that a new calibration has been 
started, and any data written to the SFR has been lost. Thus, 
the ADC7802 will again be in the Transparent Mode. Writing 
a LOW to D5 in the SFR resets the Power Fail flag. The Cal 
Error flag in the SFR is set when an overflow occurs during 


PIN 

FUNCTION 

DESCRIPTION 

DO 

Mode Status 

If LOW, Transparent Mode enabled for 
data latches. If HIGH, Latched Output 
Mode enabled. 

Dl 

CAL Flag 

If HIGH, calibration cycle in progress. 

D2 


Reserved for factory use. 

D3 

Power Down Status 

If HIGH, in Power Down Mode. 

D4 


Reserved for factory use. 

D5 

POWER FAIL Flag 

If HIGH, a power supply failure has 
occurred. (Supply fell below 3V.) 

D6 

CAL ERROR Flag 

If HIGH, an overflow occured during 
calibration. 

D7 

BUSY Flag 

If HIGH, conversion or calibration in 
progress. 

NOTE: These data are transferred to the bus when a read cycle is initiated 
with SFR and HBE HIGH. Reading the SFR with SFR HIGH and HBE LOW 
is reserved for factory use at this time, and will yield unpredictable data. 


calibration, which may happen in very noisy systems. It is 
reset by starting a calibration, and remains low after a 
calibration without an overflow is completed. 

Writing a HIGH to D3 in the FSR puts the ADC7802 in the 
Power Down Mode. Power consumption is reduced to 50pW 
and D3 remains HIGH. To exit Power Down Mode, either 
write a LOW to D3 in the SFR, or initiate a calibration by 
sending a LOW to the CAL pin or writing a HIGH to Dl. 
During Power Down Mode, a pulse on CS and WR will 
initiate a single conversion, then the ADC7802 will revert to 
power down. 

Table III shows how instructions can be transferred to th el 
Special Function Register by driving HBE HIGH (with S FrI 
HIGH) and initiating a write cycle (driving WR and CS 
LOW with RD HIGH.) The timing is shown in Figure 3. Note 
that writing to the SFR also initiates a new conversion. 

CONTROL LINES 

Table IV shows the functions of the various con trol l ines on 
the ADC7802. The use of standard CS, RD and WR control 
signals simplifies use with most microprocessors. At the 
same time, flexibility is assured by availability of status 
information and control functions, both through the SFR and 
directly on pins. 


TABLE II. Reading the Special Function Register. 












CS/WR 

SFR/HBE 

DO 

Dl 

D3 

D5 

D7 

D2/D4/D6 

Enables Transparent Mode for Data Latches. 

LOW 

HIGH 

LOW 

X 

LOW 

X 

LOW 

LOW 

Enables Latched Output Mode for Data Latches. 

LOW 

HIGH 

HIGH 

X 

LOW 

X 

LOW 

LOW 

Initiates Calibration Cycle. 

LOW 

HIGH 

X 

HIGH 

LOW 

X 

LOW 

LOW 

Resets Power Fail flag. 

LOW 

HIGH 

X 

X 

LOW 

LOW 

LOW 

LOW 

Activates Power Down Mode 

LOW 

HIGH 

X 

X 

HIGH 

X 

LOW 

LOW 

NOTES: (1 ) In Power Down Mode, a pulse on CS and WR will initiate a single conversion, then the ADC7802 will revert to power down. (2) X means it can be 

either HIGH or LOW without affecting this action. Writing HIGH to D2, D3, D4 or D6, or writing with SFR HIGH and HBE LOW, may result in unpredictable behavior. 

These modes are reserved for factory use at this time. 










TABLE III. Writing to the Special Function Register. 


CS 

RD 

WR 

SFR 

HBE 

CAL 

BUSY 

OPERATION 

X 

X 

X 

X 

X 

oti 

X 

Initiates calibration cycle. 

X 

X 

X 

X 

X 

X 

0 

Conversion or calibration in process. Inhibits new conversion from starting. 

1 

X 

X 

X 

X 

1 

X 

None. Outputs in Hi-Z State. 

0 

1 

oti 

0 

X 

1 

1 

Initiates conversion. 

0 

0 

1 

0 

0 

1 

X 

Low byte conversion results output on data bus. 

0 

0 

1 

0 

1 

1 

X 

High byte conversion results output on data bus. 

0 

1 

0 

1 

1 

1 

1 

Write to SFR and rising edge on WR initiates conversion. 

0 

0 

1 

1 

1 

1 

X 

Contents of SFR output on data bus. 

0 

1 

0 

1 

0 

1 

X 

Reserved for factory use. 

0 

0 

1 

1 

0 

1 

X 

Reserved for factory use. (Unpredictable data on data bus.) 


TABLE IV. Control Line Functions. 


fra 
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INSTALLATION 

INPUT BANDWIDTH 

From the typical performance curves, it is clear that ADC7802 
can accurately digitize signals up to 500Hz, but distortion 
will increase beyond this point. Input signals slewing faster 
than 8mV/|is can degrade accuracy. This is a result of the 
high-precision auto-zeroing circuit used during the acquisi- 
tion phase. For applications requiring higher signal band- 
width, any good external sample/hold, like the SHC5320, 
can be used. 

INPUT IMPEDANCE 

ADC7802 has a very high input impedance (input bias 
current over temperature is lOOnA max), and a low 50pF 
input capacitance. To ensure a conversion accurate to 12 bits, 
the analog source must be able to charge the 50pF and settle 
within the first five clock cycles after a conversion is initi- 
ated. During this time, the input is also very sensitive to noise 
at the analog input, since it could be injected into the 
capacitor array. 


In many applications, a simple passive low-pass filter as 
shown in Figure 9a can be used to improve signal quality. In 
this case, the source impedance needs to be less than 5k£2 to 
keep the induced offset errors below 1/2LSB, and to meet the 
acquisition time of five clock cycles. The values in Figure 9a 
meet these requirements, and will maintain the full power 
bandwidth of the system. For higher source impedances, a 
buffer like the one in Figure 9b should be used. 
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INPUT PROTECTION 

The input signal range must not exceed ±V REF or V A by more 
than 0.3V. 

The analog inputs are internally clamped to V A . To prevent 
damage to the ADC7802, the current that can flow into the 
inputs must be limited to 20mA. One approach is to use an 
external resistor in series with the input filter resistor. For 
example, a 1 kO input resistor allows an overvoltage to 20V 
without damage. 

REFERENCE INPUTS 

A lOpF tantalum capacitor is recommended between V REF + 
and V REF - to insure low source impedance. These capacitors 
should be located as close as possible to the ADC7802 to 
reduce dynamic errors, since the reference provides packets 
of current as the successive approximation steps are carried 
out. 

V REF + must not exceed V A . Although the accuracy is speci- 
fied with V REF + = 5V and V REF — = 0V, the converter can 
function with V REF + as low as 2.5V and V REF - as high as IV. 
As long as there is at least a 2.5V difference between V REF + 
and V REF — , the absolute value of errors does not change 
significantly, so that accuracy will typically be within 
±1LSB. (1/2LSB for a 5V span is 610pV, which is 1LSB for 
a 2.5V span.) 

The power supply to the reference source needs to be consid- 
ered during system design to prevent V REF + from exceeding 
(or overshooting) V A , particularly at power-on. Also, after 
power-on, if the reference is not stable within 42,425 clock 
cycles, an additional calibration cycle may be needed. 

POWER SUPPLIES 

The digital and analog power supply lines to the ADC7802 
should be bypassed with lOpF tantalum capacitors as close 
to the part as possible. Although ADC7802 has excellent 
power supply rejection, even for higher frequencies, linear 
regulated power supplies are recommended. 

Care should be taken to insure that V D does not come up 
before V A , or permanent damage to the part may occur. 
Figure 10 shows a good supply approach, powering both V A 
and V D from a clean linear supply, with the 10Q resistor 
between V A and V D insuring that V D comes up after V A . This 
is also a good method to further isolate the ADC7802 from 
digital supplies in a system with significant switching cur- 
rents that could degrade the accuracy of conversions. 

GROUNDING 

To maximize accuracy of the ADC7802, the analog and 
digital grounds are not connected internally. These points 
should have very low impedance to avoid digital noise 
feeding back into the analog ground. The V^- pin is used as 
the reference point for input signals, so it should be con- 
nected directly to AGND to reduce potential noise problems. 


EXTERNAL CLOCK OPERATION 

The circuitry required to drive the ADC7802 clock from an 
external source is shown in Figure 11a. The external clock 
must provide a 0.8V max for LOW and a 3.5V min for 
HIGH, with rise and fall times that do not exceed 200ns. The 
minimum pulse width of the external clock must be 200ns. 
Synchronizing the conversion clock to an external system 
clock is recommended in microprocessor applications to 
prevent beat-frequency problems. 

Note that the electrical specification tables are based on 
using an external 2MHz clock. Typically, the specified! 
accuracy is maintained for clock frequencies between 0.5| 
and 2.2MHz. I 

INTERNAL CLOCK OPERATION 

Figure 1 lb shows how to use the internal clock generating 
circuitry. The clock frequency depends only on the value of 
the resistor, as shown in “Internal Clock Frequency vs 
Rclock” m th e Typical Performance Curves section. 



FIGURE 10. Power Supply and Reference Decoupling. 



FIGURE 11. Internal Clock Operation. 
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The clock generator can operate between 100kHz and 2MHz. 
With R = 100k£2, the clock frequency will nominally be 
800kHz. The internal clock oscillators may vary by up to 
20% from device to device, and will vary with temperature, 
as shown in the typical performance curves. Therefore, use 
of an external clock source is preferred in many applications 
where control of the conversion timing is critical, or where 
multiple converters need to be synchronized. 

APPLICATIONS 

BIPOLAR INPUT RANGES 

Figure 12 shows a circuit to accurately and simply convert a 
bipolar ±5V input signal into a unipolar 0 to 5V signal for 
conversion by the ADC7802, using a precision, low-cost 
complete difference amplifier, INA105. 



Figure 13 shows a circuit to convert a bipolar ±10V input 
signal into a unipolar 0 to 5V signal for conversion by the 
ADC7802. The precision of this circuit will depend on the 
matching and tracking of the three resistors used. 



To trim this circuit for full 12-bit precision, R2 and R3 need 
to be adjustable over appropriate ranges. To trim, first have 
the ADC7802 converting continually and apply +9.9927 V 
(+10V - 1.5LSB) at the input. Adjust R3 until the ADC7802 
output toggles between the codes FFE hex and FFF hex. This 
makes R3 extremely close to Rl. Then, apply -9.9976V (-10V 
+ 0.5LSB) at the input, and adjust R2 until the ADC7802 
output toggles between 000 hex and 001 hex. At each trim 
point, the current through the third resistor will be almost 
zero, so that one trim iteration will be enough in most cases. 


More iterations may be required if the op amp selected has 
large offset voltage or bias currents, or if the +5 V reference 
is not precise. 

This circuit can also be used to adjust gain and offset errors 
due to the components preceding the ADC7802, to match the 
performance of the self-calibration provided by the con- 
verter. 

INTERFACING TO MOTOROLA 
MICROPROCESSORS 

Figure 14 shows a typical interface to Motorola microproces- 
sors, while Figure 15 shows how the result can be placed in 
register DO. 



FIGURE 14. Interface to Motorola Microprocessors. 


Conversion is initiated by a write instruction decoded by the 
address decoder logic, with the lower two bits of the address 
bus selecting an ADC input channel, as follows: 

MOVE.W DO, ADC-ADDRESS 

The result of the conversion is read from the data bus by a 
read instruction to ADC-ADDRESS as follows: 

MOVEP.W $000 (ADC-ADDRESS), DO 

This puts the 12-bit conversion result in the DO register, as 
shown in Figure 15. The address decoder must pull down 
ADC_CS at ADC-ADDRESS to access the Low byte and 
ADC-ADDRESS +2 to access the High byte. 

INTERFACING TO INTEL MICROPROCESSORS 

Figure 16 shows a typical interface to Intel. 

A conver sion is initiated by a write instruction to address 
ADC_CS. D ata pins DOO and DOl select the analog input 
channel. The BUSY signal can be used to generate a micro- 
processor interrupt (INT) when the conversion is completed. 

A read instruction from the ADC_CS a ddress fetc hes the 
Low byte, and a read instruction from the ADC_CS address 
+2 fetches the High byte. 
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FIGURE 15. Conversion Results in Motorola Register DO. 



FIGURE 16. Interface to Intel Microprocessors. 
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ADS574 


Microprocessor-Compatible Sampling 
CMOS ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


DESCRIPTION 


• COMPATIBLE WITH ADC574 

• COMPLETE SAMPLING A/D WITH 
REFERENCE, CLOCK AND 
MICROPROCESSOR INTERFACE 

• FAST ACQUISITION AND CONVERSION: 
25|is max 

• ELIMINATES EXTERNAL SAMPLE/HOLD 
IN MOST APPLICATIONS 

• GUARANTEED AC AND DC PERFORMANCE 

• SINGLE +5V SUPPLY OPERATION 

• LOW POWER: lOOmW max 

• PACKAGE OPTIONS: 0.6" and 0.3" DIPs, 
SOIC 


The ADS574 is a 12-bit successive approximation 
analog-to-digital converter using an innovative 
capacitor array (CD AC) implemented in low-power 
CMOS technology. This is a drop-in replacement for 
ADC574 models in most applications, with internal 
sampling, much lower power consumption, and capa- 
bility to operate from a single +5V supply. 

The ADS574 is complete with internal clock, micro- 
processor interface, three-state outputs, and internal 
scaling resistors for input ranges of 0V to +10V, 0V to 
+20V, ±5V, or ±10V. The maximum throughput time 
for 12-bit conversions is 25jis over the full operating 
temperature range, including both acquisition and con- 
version. 

Complete user control over the internal sampling func- 
tion facilitates elimination of external sample/hold 
amplifiers in most existing designs. 


The ADS574 is available in both commercial (0°C to 
+70°C) and military (-55°C to +125°C) ranges, and 
requires +5V, with -12V or -15V optional, depending 
on usage. No +15V supply is required. Available 
packages include 0.3" or 0.6" wide 28-pin plastic or 
hermetic ceramic DIPs, and 28-pin SOICs. 
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SPECIFICATIONS 


ELECTRICAL 

T a = T M1N to T max , V DD = +5V, V EE = -15V to +5V, sampling frequency of 40kHz, f )N = 10kHz; unless otherwise specified. 



ADS574JE/JH/JP/JU/AU/SF/SH/D 

ADS574KE/KH/KP/KU/TF/TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 



* 

Bits 

1 INPUTS 1 

ANALOG 

Voltage Ranges: Unipolar 



1 

0 to +10 

0 to +20 



V 

Bipolar 



±5, ±10 



V 

Impedance: 0 to +10V, ±5V 

15 

21 


* 

* 


ka 

±10V, OV to +20 V 

60 

84 


* 

* 


kn 

DIGITAL (CE, CS, R/C, A 0 , 12/8) 

Voltages: Logic 1 

+2.0 


+5.5 

* 


* 

V 

Logic 0 

-0.5 


+0.8 



* 

V 

Current 

-5 

0.1 

+5 

* 

* 

* 

pA 

Capacitance 


5 



* 


PF 

TRANSFER CHARACTERISTICS 

1 

DC ACCURACY 

At +25°C 








Linearity Error 



±1 



±1/2 

LSB 

Unipolar Offset Error (adjustable to zero) 



±2 



* 

LSB 

Bipolar Offset Error (adjustable to zero) 
Full-Scale Calibration Error (1) 



±10 



±4 

LSB 

(adjustable to zero) 



±0.25 



* 

% of FS < 2 > 

No Missing Codes Resolution (Diff. Linearity) 

T to T < 3 > 

MIN MAX 

12 



12 



Bits 

Linearity Error: A, J, K Grades 



±1 



±1/2 

LSB 

S, T Grades 



±1 



±3/4 

LSB 

Full-Scale Calibration Error: A, J, K Grades 



±0.47 



±0.37 

% of FS 

S, T Grades 



±0.75 



±0.5 

% of FS 

Unipolar Offset: A, J, K Grades 



±4 



±3 

LSB 

S, T Grades 



±4 



±3 

LSB 

Bipolar Offset: A, J, K Grades 



±12 



±5 

LSB 

S, T Grades 



±14 



±6 

LSB 

No Missing Codes Resolution 

12 



12 



Bits 

AC ACCURACY < 4 > 

Spurious Free Dynamic Range 

73 

78 


76 

* 


dB 

Total Harmonic Distortion 


-77 

-72 


* 

-75 

dB 

Signal-to-Noise Ratio 

69 

72 


71 

* 


dB 

Signal-to-(Noise + Distortion) Ratio 

68 

71 


70 

* 


dB 

Intermodulation Distortion 


-75 



* 



(F |N1 = 10kHz, F 1N2 = 11.5kHz) 








TEMPERATURE COEFFICIENTS < 5 > 

Unipolar Offset 


±1 



* 


ppm/°C 

Bipolar Offset 


±2 



* 


ppm/°C 

Full-Scale Calibration 


±12 



* 


ppm/°C 

POWER SUPPLY SENSITIVITY 

Change in Full-Scale Calibration* 6 ’ 








+4.75V < V DD < +5. 25V 



±1/2 




LSB 

CONVERSION TIME (Including Acquisition Time) 
t AQ + t c at 25°C: 








8-Bit Cycle 


16 

18 


* 

* 

ps 

12-Bit Cycle 


22 

25 


* 

* 

ps 

12-Bit Cycle, T MIN to T MAX 


22 

25 


* 

* 

ps 

SAMPLING DYNAMICS 

Sampling Rate 

Aperture Delay, t AP 

40 



* 



kHz 

With V EE - +5V 


20 



* 


ns 

With V EE = 0V to -15V 

Aperture Uncertainty (Jitter) 


4.0 





ps 

With V EE = +5V 


300 



* 


ps, rms 

With V EE = 0V to -15V 


30 





ns.rms 


IW 
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SPECIFICATIONS (CONT) 

ELECTRICAL 

T a = T MIN to T max , V DD = +5V, V EE = -15V to +5V, sampling frequency of 40kHz, f IN = 10kHz; unless otherwise specified. 


1— — 

■SB3B83IBI 

mm 





ni 



DIGITAL (DB n - DB 0 , STATUS) 

Output Codes: Unipolar 
Bipolar 

Logic Levels: Logic 0 (I S1NK = 1 .6mA) 

Logic 1 ('source - SOOpA) 
Leakage, Data Bits Only, High-Z State 
Capacitance 

INTERNAL REFERENCE VOLTAGE 

Voltage 

Source Current Available for External Loads 

POWER SUPPLY REQUIREMENTS 

Voltage: V EE < 7) 

V DD 

Current: l EE < 7 > (V EE = —15V) 
l DD 

Power Dissipation (T MIN to T MAX ) 

(V EE = 0V to +5V) 

TEMPERATURE RANGE 

Specification: J, K Grades 
A Grade 
S, T Grades 

Operating: A, J, K Grades 
S, T Grades 


*Same specification as ADS574JE/JH/JP/JU/SF/SH. 

NOTES: (1) With fixed 500 resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C. (2) FS in this specification table means Full Scale 
Range. That is, for a ±10V input range, FS means 20V; for a 0 to +10V range, FS means 10V. (3) Maximum error at T MIN and T MAX . (4) Based on using V EE = +5V, 
which starts a conversion immediately upon a convert command. Using V EE = OV to -15V makes the ADS574/ADS774 emulate standard ADC574 operation. In this 
mode, the internal sample/hold acquires the input signal after receiving the convert command, and does not assume that the input level has been stable before 
the convert command arrives. (5) Using internal reference. (6) This is worst case change in accuracy from accuracy with a +5V supply. (7) V EE is optional, and 
is only used to set the mode for the internal sample/hold. When V EE = -15V, l EE = -1mA typ; when V EE = OV, l EE = ±5pA typ; when V EE = +5V, l EE = +167 jjA typ. 


DICE INFORMATION 



ti; 


n, T¥ll: ' n ' . r-v ' '1—1 : m 

.“ji mImIMMiM 

■ fTs ; 

■I ! j 



‘ j!® 





ADS574 DIE TOPOGRAPHY 


Substrate Bias: +V,*, 

NC: No Connection. 


MECHANICAL INFORMATION 




MILS (0.001") 

MILLIMETERS 

Die Size 

172x142 ±5 

4.37x3.61 ±0.13 

Die Thickness 

20 ±3 

0.51 ±0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Metalization 


Aluminum 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V DD = V EE = +5V; Bipolar ±10V Input Range; sampling frequency of 40kHz; unless otherwise specified. All plots use 4096 point FFTs. 


SIGNAL/(NOISE + DISTORTION) vs 

FREQUENCY SPECTRUM (±1 0V, 2kHz Input) INPUT FREQUENCY AND AMBIENT TEMPERATURE 



10 

15 

20 

0.1 

1 10 

100 

Frequency (kHz) 




Input Frequency (kHz) 



FREQUENCY SPECTRUM (±1 0V, 1 9kHz Input) FREQUENCY SPECTRUM (±1 V, 1 9kHz Input) 



0 5 10 15 20 0 5 10 15 20 

Frequency (kHz) Frequency (kHz) 


SPURIOUS FREE DYNAMIC RANGE, SNR AND THD POWER SUPPLY REJECTION 

vs INPUT FREQUENCY vs SUPPLY RIPPLE FREQUENCY 



0.1 1 10 100 10 100 Ik 10k 100k 1M 10M 

Input Frequency (kHz) Supply Ripple Frequency (Hz) 
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CONNECTION DIAGRAM 
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+5VDC Supply 

(V DD ) 

12/8 

CS 

A o 

R/C 

CE 

NC* 

2.5V Ref 
Out 
Analog 
Common 
2.5V Ref 
In 

V EE (Mode Control) 

Bipolar 
Offset 
1 0V Range 

20V Range 



*Not Internally Connected 


Status 

DB11 (MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 

Digital 

Common 


ABSOLUTE MAXIMUM RATINGS 


V EE to Digital Common 

+V DD to -16.5V 

V DD to Digital Common 

rev to +7V 

+1V 

Control Inputs (CE, CS, A 0 , 12/8, R/C) 

to Digital Common 

Analog Inputs (Ref In, Bipolar Offset, 10V IN 

-0.5V to V DD +0.5V 

+16.5V 


+24V 

Ref Out 

.. Indefinite Short to Common, 


Momentary Short to V DD 

Max Junction Temperature 

+165°C 

Power Dissipation 

lOOOmW 

Lead Temperature (soldering, 10s) 

+300°C 

Thermal Resistance, 0 JA : Ceramic DIPs 

50°C/W 

Plastic DIPs 

100°C/W 

SOIC 

100°C/W 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 


0.3" Plastic DIP 

246 


0.3" Plastic DIP 

246 


0.6" Plastic DIP 

215 


0.6" Plastic DIP 

215 


SOIC 

217 


SOIC 

217 


0.3" Ceramic DIP 

247 


0.3" Ceramic DIP 

247 


0.6" Ceramic DIP 

149 


0.6" Ceramic DIP 

149 


0.6" Ceramic DIP 

149 


0.6" Ceramic DIP 

149 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

SINADt 1 ) 

TEMPERATURE 

RANGE 

LINEARITY 

ERROR 

ADS574JE 

0.3" Plastic DIP 

68 

0°C to +70°C 

±1LSB 

ADS574KE 

0.3" Plastic DIP 

70 

0°C to +70°C 

±1/2LSB 

ADS574JP 

0.6" Plastic DIP 

68 

0°C to +70°C 

±1LSB 

ADS574KP 

0.6" Plastic DIP 

70 

0°C to +70°C 

11/2LSB 

ADS574JU 

SOIC 

68 

0°C to +70°C 

±1LSB 

ADS574KU 

SOIC 

70 

0°C to +70°C 

±1/2LSB 

ADS574SF 

0.3" Ceramic DIP 

68 

-55°C to +125°C 

±1LSB 

ADS574TF 

0.3" Ceramic DIP 

70 

— 55°C to +125°C 

+1/2LSB 

ADS574SH 

0.6" Ceramic DIP 

68 

-55° C to +125°C 

+1LSB 

ADS574TH 

0.6" Ceramic DIP 

70 

-55° C to +125°C 

±1/2LSB 

ADS574JH 

0.6" Ceramic DIP 

68 

0°C to +70°C 

±1LSB 

ADS574KH 

0.6" Ceramic DIP 

70 

0°C to +70°C 

±1/2LSB 


NOTE: (1) SINAD is Signal to (Noise and Distortion) expressed in dB. 


2.130 


Burr-Brown IC Data Book — Data Conversion Products 


MMMM 











Or, Call Customer Service at 1-800-548-6132 (USA Only) 


THEORY OF OPERATION 

In the ADS 5 74, the advantages of advanced CMOS technol- 
ogy — high logic density, stable capacitors, precision analog 
switches — and Burr-Brown’s state of the art laser trimming 
techniques are combined to produce a fast, low power 
analog-to-digital converter with internal sample/hold. 

The charge-redistribution successive-approximation circuitry 
converts analog input voltages into digital words. 

A simple example of a charge-redistribution A/D converter 
with only 3 bits is shown in Figure 1. 



INPUT SCALING 

Precision laser-trimmed scaling resistors at the input divide 
standard input ranges (OV to +10Y, OY to +20V, ±5Y or 
±10V) into levels compatible with the CMOS characteristics 
of the internal capacitor array. 

SAMPLING 

While sampling, the capacitor array switch for the MSB 
capacitor (S t ) is in position “S”, so that the charge on the 
MSB capacitor is proportional to the voltage level of the 
analog input signal. The remaining array switches (S 2 and 
S 3 ) are set to position “G”. Switch S c is closed, setting the 
comparator input offset to zero. 

CONVERSION 

When a conversion command is received, switch S, is opened 
to trap a charge on the MSB capacitor proportional to the 
analog input level at the time of the sampling command, and 
switch S c is opened to float the comparator input. The charge 
trapped in the capacitor array can now be moved between the 
three capacitors in the array by connecting switches S v S 2 , and 
S 3 to positions “R” (to connect to the reference) or “G” (to 
connect to GND), thus changing the voltage generated at the 
comparator input. 

During the first approximation, the MSB capacitor is con- 
nected through switch Sj to the reference, while switches S 2 
and S 3 are connected to GND. Depending on whether the 
comparator output is HIGH or LOW, the logic will then 
latch Sj in position “R” or “G”. Similarly, the second 


approximation is made by connecting S 2 to the reference and 
S 3 to GND, and latching S 2 according to the output of the 
comparator. After three successive approximation steps have 
been made the voltage level at the comparator will be within 
1/2LSB of GND, and a digital word which represents the 
analog input can be determined from the positions of S,, S 2 
and S 3 . 

OPERATION 

BASIC OPERATION 

Figure 2 shows the minimum circuit required to operate thel 
ADS574 in a basic ±10Y range in the Control Mode (dis-| 
cussed in detail in a later section.) The falling edge of a 
Convert Command (a pulse taking pin 5 LOW for a mini- 
mum of 25ns) both switches the ADS574 input to the hold 
state and initiates the conversion. Pin 28 (STATUS) will 
output a HIGH during the conversion, and falls only after the 
conversion is completed and the data has been latched on the 
data output pins (pins 16 to 27.) Thus, the falling edge of 
STATUS on pin 28 can be used to read the data from the 
conversion. Also, during conversion, the STATUS signal 
puts the data output pins in a High-Z state and inhibits the 
input lines. This means that pulses on pin 5 are ignored, so 
that new conversions cannot be initiated during the conver- 
sion, either as a result of spurious signals or to short-cycle 
the ADS574. 

The ADS574 will begin acquiring a new sample as soon as 
the conversion is completed, even before the STATUS 
output falls, and will track the input signal until the next 
conversion is started. The ADS574 is designed to complete 
a conversion and accurately acquire a new signal in 25 ps 
max over the full operating temperature range, so that 
conversions can take place at a full 40kHz. 

CONTROLLING THE ADS574 

The Burr-Brown ADS574 can be easily interfaced to most 
microprocessor systems and other digital systems. The 
microprocessor may take full control of each conversion, or 
the converter may operate in a stand-alone mode, controlled 
only by the R/C input. Full control consists of selecting an 
8- or 12-bit conversion cycle, initiating the conversion, and 
reading the output data when ready — choosing either 12 bits 
all at once, or the 8 MSB bits followed by the 4 LSB bits in 
a left-justified format. The five control inputs (12/8, CS, A 0 , 
R/C, and CE) are all TTL/CMOS-compatible. The functions 
of the control inputs are described in Table II. The control 
function truth table is shown in Table III. 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converters accom- 
plished by a single control line connected to R/C. In this 
mode CS and A 0 are connected to digital common and CE 
and 12/8 are connected to +5Y. The output data are pre- 
sented as 12-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not 
require full bus interface capability. 


mm 
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FIGURE 2. Basic ±10V Operation. 


Conversion is initiated by a HIGH-to-LOW transition of 
R/C. The three-state data output buffers are enabled when 
R/C is HIGH and STATUS is LOW. Thus, there are two 
possible modes of operation; data can be read with either a 
positive pulse on R/C, or a negative pulse on STATUS. In 
either case the R/C pulse must remain LOW for a minimum 
of 25ns. 

Figure 3 illustrates timing with an R/C pulse which goes 
LOW and returns HIGH during the conversion. In this case, 
the three-state outputs go to the high-impedance state in 
response to the falling edge of R/C and are enabled for 
external access of the data after completion of the conver- 
sion. 

Figure 4 illustrates the timing when a positive R/C pulse is 
used. In this mode the output data from the previous conver- 
sion is enabled during the time R/C is HIGH. A new 
conversion is started on the falling edge of R/C, and the 
three-state outputs return to the high-impedance state until 
the next occurrence of a HIGH R/C pulse. Timing specifica- 
tions for stand-alone operation are listed in Table IV. 

FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the state 
of the A 0 input, which is latched upon receipt of a conversion 
start transition (described below). If A 0 is latched HIGH, the 
conversion continues for 8 bits. The full 12-bit conversion 
will occur if A 0 is LOW. If all 12 bits are read following an 
8-bit conversion, the 4LSBs (DB0-DB3) will be LOW 
(logic 0). A 0 is latched because it is also involved in enabling 
the output buffers. No other control inputs are latched. 


CONVERSION START 

The converter initiates a conversion based on a transition 
occurring on any of three logic inputs (CE, CS, and R/C) as 
shown in Table III. Conversion is initiated by the last of the 
three to reach the required state and thus all three may be 
dynamically controlled. If necessary, all three may change 
state simultaneously, and the nominal delay time is the same 
regardless of which input actually starts the conversion. If it 
is desired that a particular input establish the actual start of 
conversion, the other two should be stable a minimum of 
50ns prior to the transition of the critical input. Timing 
relationships for start of conversion timing are illustrated in 
Figure 5. The specifications for timing are contained in 
Table V. 

The STATUS output indicates the current state of the con- 
verter by being in a high state only during conversion. 
During this time the three state output buffers remain in a 
high-impedance state, and therefore data cannot be read 
during conversion. During this period additional transitions 
of the three digital inputs which control conversion will be 
ignored, so that conversion cannot be prematurely termi- 
nated or restarted. However, if A 0 changes state after the 
beginning of conversion, any additional start conversion 
transition will latch the new state of A 0 , possibly resulting in 
an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 
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Binary (BIN) Output 


input Voltage Range and LSB Values 

Analog Input Voltage Range 

Defined As: 

±10V 

+5V 

OVto+IOV 

0V to +20V 

One Least Significant Bit 

FSR 

20V 

10V 

10V 

20V 

(LSB) 

2" 

2 n 

2" 

2" 

2 n 


n = 8 

78.13mV 

39.06mV 

39.06mV 

78.1 3mV 


n = 12 

4.88mV 

2.44mV 

2.44mV 

4.88mV 

Output Transition Values 

FFE h to fff h 

+ Full-Scale Calibration 

+10V — 3/2LSB 

+5V - 3/2LSB 

+10V - 3/2LSB 

+10V - 3/2LSB 

7FFF h to 800 h 

Midscale Calibration (Bipolar Offset) 

0-1/2LSB 

0-1/2LSB 

+5V - 1/2LSB 

±10V - 1/2LSB 

o 

o 

o 

o x 

o 

o 

Zero Calibration ( - Full-Scale Calibration) 

-10V + 1/2LSB 

-5V + 1/2LSB 

0 to +1/2LSB 

0 to +1/2LSB 


TABLE I. Input Voltages, Transition Values, and LSB Values. 


DESIGNATION 

DEFINITION 

FUNCTION 

CE (Pin 6) 

Chip Enable 
(active high) 

Must be HIGH (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a 
conversion. 

CS (Pin 3) 

Chip Select 
(active low) 

Must be LOW (“0”) to either initiate a conversion or read output data. 1 -0 edge may be used to initiate a 
conversion. 

R/C (Pin 5) 

Read/Convert 
(“T’ = read) 

(“0” = convert) 

Must be LOW (“0”) to initiate either 8- or 1 2-bit conversions. 1 -0 edge may be used to initiate a conversion. 
Must be HIGH (“1”) to read output data. 0-1 edge may be used to initiate a read operation. 

A 0 (Pin 4) 

Byte Address 

Short Cycle 

In the start-convert mode, A 0 selects 8-bit (A 0 = “1”) or 12-bit (A 0 = “0”) conversion mode. When reading 
output data in two 8-bit bytes, A 0 = “0” accesses 8 MSBs (high byte) and A 0 = “1 ’’ accesses 4 LSBs and 
trailing “0s” (low byte). 

12/8 (Pin 2) 

Data Mode Select 
(“1 ” = 12 bits) 

(“0” = 8 bits) 

When reading output data, 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0” will enable the 
MSBs or LSBs as determined by the A 0 line. 


TABLE II. Control Line Functions. 


CE 

CS 

R/C 

12/8 

A 0 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

T 

0 

0 

X 

0 

Initiate 12-bit conversion 

T 

0 

0 

X 

1 

Initiate 8-bit conversion 

1 

4 . 

0 

X 

0 

Initiate 1 2-bit conversion 

1 

4 - 

0 

X 

1 

Initiate 8-bit conversion 

1 

0 

4 , 

X 

0 

Initiate 1 2-bit conversion 

1 

0 

4 , 

X 

1 

Initiate 8-bit conversion 

1 

0 

1 

1 

X 

Enable 12-bit output 

1 

0 

1 

0 

0 

Enable 8 MSBs only 

1 

0 

1 

0 

1 

Enable 4 LSBs plus 4 
trailing zeroes 


TABLE III. Control Input Truth Table. 


READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: R/C HIGH, STATUS 
LOW, CE HIGH, and CS LOW. Upon satisfaction of these 
conditions the data lines are enabled according to the state of 
inputs 12/8 and A 0 . See Figure 6 and Table V for timing 
relationships and specifications. 

In most applications the 12/8 input will be hard- wired in 
either the high or low condition, although it is fully TTL and 
CMOS -compatible and may be actively driven if desired. 
When 12/8 is HIGH, all 12 output lines (DB0-DB11) are 
enabled simultaneously for full data word transfer to a 12-bit 
or 16-bit bus. In this situation the A Q state is ignored when 
reading the data. 


When 12/8 is LOW, the data is presented in the form of two 
8 -bit bytes, with selection of the byte of interest accom- 
plished by the state of A 0 during the read cycle. When A 0 is 
LOW, the byte addressed contains the 8MSBs. When A 0 is 
HIGH, the byte addressed contains the 4LSBs from the 
conversion followed by four logic zeros which have been 
forced by the control logic. The left-justified formats of the 
two 8-bit bytes are shown in Figure 7. Connection of the 
ADS574 to an 8-bit bus for transfer of the data is illustrated 
in Figure 8. The design of the ADS574 guarantees that the 
A 0 input may be toggled at any time with no damage to the 
converter; the outputs which are tied together in Figure 8 
cannot be enabled at the same time. The A 0 input is usually 
driven by the least significant bit of the address bus, allow- 
ing storage of the output data word in two consecutive 
memory locations. 
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FIGURE 3. R/C Pulse Low — Outputs Enabled After Conver- 
sion. 
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FIGURE 4. R/C Pulse High — Outputs Enabled Only While 
R/C Is High. 


S/H CONTROL MODE 

AND ADC574 EMULATION MODE 

The basic difference between these two modes is the 
assumptions about the state of the input signal both before 
and during the conversion. The differences are shown in 
Figure 9 and Table VI. In the Control Mode it is assumed 
that during the required 4ps acquisition time the signal is not 
slewing faster than the slew rate of the ADS574. No 
assumption is made about the input level after the convert 
command arrives, since the input signal is sampled and 
conversion begins immediately after the convert command. 

This means that a convert command can also be used to 
switch an input multiplexer or change gains on a program- 
mable gain amplifier, allowing the input signal to settle 
before the next acquisition at the end of the conversion. 
Because aperture Jitter is minimized by the internal sample/ 
hold circuit, a high input frequency can be converted without 
an external sample/hold. 

In the Emulation Mode, no assumption is made about the 
input signal prior to the convert command. A delay time is 
introduced between the convert command and the start of 
conversion to allow the ADS 5 74 enough time to acquire the 
input signal before converting. The delay increases the 
effective aperture time from 0.02jus to 4jus, but allows the 
ADS574 to replace the ADC574 in any circuit. Any slewing 
of the analog input prior to the convert command in existing 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Low R/C Pulse Width 

25 



ns 

^DS 

STS Delay from R/C 



200 

ns 

VlDR 

Data Valid After R/C Low 

25 



ns 

VlRH 

High R/C Pulse Width 

100 



ns 

^DDR 

Data Access Time 



150 

ns 


TABLE IV. Stand-Alone Mode Timing. (T A = T MIN to T MAX ). 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Convert Mode 







STS delay from CE 


60 


ns 


CE Pulse width 

50 

30 


ns 

^ssc 

CS to CE setup 

50 

20 


ns 


CS low during CE high 

50 

20 


ns 


R/C to CE setup 

50 

0 


ns 

Lrc 

R/C low during CE high 

50 

20 


ns 


A q to CE setup 

0 



ns 

*HAC 

A 0 valid during CE high 

50 

20 


ns 

Read Mode 






foD 

Access time from CE 


75 

150 

ns 

^HD 

Data valid after CE low 

25 

35 


ns 

Ll 

Output float delay 



150 

ns 

^SSR 

CS to CE setup 


0 


ns 

^SRR 

R/C to CE setup 

0 



ns 

^SAR 

A 0 to CE setup 

50 

25 


ns 

*HSR 

CS valid after CE low 

0 



ns 

t H RR 

R/C high after CE low 

0 



ns 

VlAR 

A 0 valid after CE low 

50 



ns 

*HS 

STC delay after data valid 






TABLE V. Timing Specifications, Fully Controlled Operation. (T A = T MIN to T MAX ). 
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FIGURE 7. 12-Bit Data Format for 8-Bit Systems. 



FIGURE 8. Connection to an 8-Bit Bus. 
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systems (due to multiplexers, sample/holds, etc. in front of 
the converter) does not affect the accuracy of the ADS574 
conversion in the Emulation Mode. 

In both modes, as soon as the conversion is completed the 
internal sample/hold circuit immediately begins slewing to 
track the input signal. 

Basically, the Control Mode is provided to allow full use of 
the internal sample/hold, eliminating the need for an exter- 
nal sample/hold in most applications. As compared with 
systems using separate sample/hold and A/D, the ADS574 
in the Control Mode also eliminates the need for one of the 
control signals, usually the convert command. The com- 
mand that puts the internal sample/hold in the hold state also 
initiates a conversion, reducing timing constraints in many 
systems. 

The Emulation Mode allows the ADS574 to be dropped into 
almost all existing ADC574 sockets without changes to any 
other existing system hardware or software. The input to the 
ADS574 in the Emulation Mode does not need to be stable 
before a convert command is received, so that multiplexers, 
programmable gain amplifiers, etc., can be slewing quickly 
any time before a convert command is given as long as the 
analog input to the ADS574 is stable after the convert 
command is received, as it needs to be in existing ADC574 
systems for accurate operation. In fact, even in the Emula- 


tion Mode, system throughput can be speeded up, since the 
input to the ADS574 can start slewing before the end of a 
conversion (after the acquisition time), which is not possible 
with existing ADC574s. 

INSTALLATION 

LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not con- 
nected together internally in the ADS574, but should be 
connected together as close to the unit as possible and to an 
analog common ground plane beneath the converter on the 
component side of the board. In addition, a wide conductor 
pattern should run directly from pin 9 to the analog supply 
common, and a separate wide conductor pattern from pin 15 
to the digital supply common. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and pin 15 should still be 
connected together at the converter. A single wide conductor 
pattern then connects these two pins to the system common. 
In either case, the common return of the analog input signal 
should be referenced to pin 9 of the ADC. This prevents any 
voltage drops that might occur in the power supply common 
returns from appearing in series with the input signal. 




S/H CONTROL MODE 

ADC574 EMULATION MODE 




(Pin 11 Connected to +5V) 

(Pin 1 1 Connected to OV to -15V) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

l AQ + tc 

Throughput Time: 

12-bit Conversions 


22 

25 


22 

25 

|XS 


8-bit Conversions 


16 

18 


16 

18 

M-S 

k 

Conversion Time: 

1 2-bit Conversions 


18 



18 


[IS 


8-bit Conversions 


12 



12 


[IS 

*AO 

Acquisition Time 


4 



4 


[IS 

w 

Aperture Delay 


20 





ns 

tj 

Aperture Uncertainty 


0.3 



30 


ns 


TABLE VI. Conversion Timing, T MIN to T MAX . 


r/c 

1 

1 

„ 1 

— L 

■* — k *■ 

l AP 


S/H Control Mode Signal \ 

Pin 1 1 connected to +5V. Acquisition y 

^ Conversion ^ 

/ Signal 

\ Acquisition 

l AQ 

[ AP 

■* tc ► 


ADC574 Emulation Mode* Signal i \ 

Pin 1 1 connected to V FF or qround. Acquisition [ /\ 

^ Conversion ^ 

/ Signal 
\Acquisition 

*AQ 

*ln the ADC574 Emulation Mode, a con 
allows the ADS574 enough time to acquii 

vert command triggers a delay that 
e the input signal before converting. 


FIGURE 9. Signal Acquisition and Conversion Timing. 
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POWER SUPPLY DECOUPLING 

On the ADS574, +5V (to Pin 1) is the only power supply 
required for correct operation. Pin 7 is not connected inter- 
nally, so there is no problem in existing ADC574 sockets 
where this is connected to +15V. Pin 11 (V EE ) is only used 
as a logic input to select modes of control over the sampling 
function as described above. When used in an existing 
ADC574 socket, the -15V on pin 11 selects the ADC574 
Emulation Mode. Since pin 1 1 is used as a logic input, it is 
immune to typical supply variations. 

The +5V supply should be bypassed with a lOpF tantalum, 
capacitor located close to the converter to promote noise-1 
free operations, as shown in Figure 2. Noise on the powerl 
supply lines can degrade the converter’s performance. Noise 
and spikes from a switching power supply are especially 
troublesome. 

RANGE CONNECTIONS 

The ADS574 offers four standard input ranges: OV to +10V, 
OV to +20V, ±5V, or ±10V. Figures 10 and 11 show the 
necessary connections for each of these ranges, along with 
the optional gain and offset trim circuits. If a 10V input 
range is required, the analog input signal should be con- 
nected to pin 13 of the converter. A signal requiring a 20V 
range is connected to pin 14. In either case the other pin of 
the two is left unconnected. Pin 12 (Bipolar Offset) is 
connected either to Pin 9 (Analog Common) for unipolar 
operation, or to Pin 8 (2.5V Ref Out), or the external 
reference, for bipolar operation. Full-scale and offset adjust- 
ments are described below. 

The input impedance of the ADS574 is typically 84k£2 in the 
20V ranges and 21kQ in the 10V ranges. This is signifi- 
cantly higher than that of traditional ADC574 architectures, 
reducing the load on the input source in most applications. 

INPUT STRUCTURE 

Figure 12 shows the resistor divider input structure of the 
ADS574. Since the input is driving a capacitor in the CD AC 
during acquisition, the input is looking into a high imped- 


If the 10V analog input range is used (either bipolar or 
unipolar), the 20V range input (pin 14) should be shielded 
with ground plane to reduce noise pickup. 

Coupling between analog input and digital lines should be 
minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external full scale and offset potentiometers are used, the 
potentiometers and associated resistors should be as close as 
possible to the ADS574. 
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ance node as compared with traditional ADC574 architec- 
tures, where the resistor divider network looks into a com- 
parator input node at virtual ground. 

To understand how this circuit works, it is necessary to 
know that the input range on the internal sampling capacitor 
is from OV to +3. 33V, and the analog input to the ADS574 
must be converted to this range. Unipolar 20V range can be 
used as an example of how the divider network functions. In 
20V operation, the analog input goes into pin 14. Pin 13 is 
left unconnected and pin 12 is connected to analog common 
pin 9. From Figure 12, it is clear that the input to the 
capacitor array will be the analog input voltage on pin 14 
divided by the resistor network (68k£2 + 68kQ II 17kQ). A 
20V input at pin 14 is divided to 3.33V at the capacitor 
array, while a 0V input at pin 14 gives 0V at the capacitor 
array. 

The main effect of the lOkQ internal resistor on pin 12 is to 
provide offset adjust response the same as that of traditional 
ADC574 architectures without needing to change the exter- 
nal trimpot values. 

SINGLE SUPPLY OPERATION 

The ADS574 is designed to operate from a single +5V 
supply, and handle all of the unipolar and bipolar input 
ranges, in either the Control Mode or the Emulation Mode as 
described above. Pin 7 is not connected internally. This is 
where +12V or +15V is supplied on traditional ADC574s. 
Pin 11, the -12V or -15V supply input on traditional 
ADC574s, is used only as a logic input on the ADS574. 
There is a resistor divider internally on pin 1 1 to reduce that 
input to a correct logic level within the ADS574, and this 
resistor will add lOmW to 15mW to the power consumptionof 
the ADS574 when -15V is supplied to pin 11. To minimize 
power consumption in a system, pin 1 1 can be simply 
grounded (for Emulation Mode) or tied to +5V (for Control 
Mode.) 

There are no other modifications required for the ADS574 to 
function with a single +5V supply. 


CALIBRATION 

OPTIONAL EXTERNAL FULL-SCALE 
AND OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers connected 
to the ADS574 as shown in Figures 10 and 1 1 for unipolar 
and bipolar operation. 

CALIBRATION PROCEDURE- 
UNIPOLAR RANGES 

If external adjustments of full-scale and offset are not 
required, replace R 2 in Figure 10 with a 500, 1% metal film 
resistor, omitting the other adjustment components. Connect 
pin 12 to pin 9. 

If adjustment is required, connect the converter as shown in 
Figure 10. Sweep the input through the end-point transition 
voltage (0V + 1/2LSB; +1.22mV for the 10V range, +2.44mV 
for the 20V range) that causes the output code to be DB0 ON 
(HIGH). Adjust potentiometer Rj until DB0 is alternately 
toggling ON and OFF with all other bits OFF. Then adjust 
full scale by applying an input voltage of nominal full-scale 
minus 3/2LSB, the value which should cause all bits to be 
ON. This value is +9.9963V for the 10V range and +19.9927V 
for the 20V range. Adjust potentiometer R 2 until bits DB1- 
DB 1 1 are ON and DB0 is toggling ON and OFF. 

CALIBRATION PROCEDURE— BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset are 
not required, replace the potentiometers in Figure 11 by 
50£2, 1% metal film resistors. 

If adjustments are required, connect the converter as shown 
in Figure 11. The calibration procedure is similar to that 
described above for unipolar operation, except that the offset 
adjustment is performed with an input voltage which is 
1/2LSB above the minus full-scale value (-4.9988V for the 
±5V range, -9.9976V for the ±10V range). Adjust for 
DBO to toggle ON and OFF with all other bits OFF. To 
adjust full-scale, apply a DC input signal which is 3/2LSB 
below the nominal plus full-scale value (+4.9963V for ±5V 
range, +9. 9927V for ±10V range) and adjust R 2 for DBO to 
toggle ON and OFF with all other bits ON. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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ADS602 


12-Bit 1MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• LOW LINEARITY ERROR 

• SAMPLE RATE: 1MHz 

• INPUT RANGES: ±5V, OV to +10V 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 

• 32-PIN CERAMIC DIP PACKAGE 

DESCRIPTION 

The ADS602 is a high-speed successive approxima- 
tion analog-to-digital converter with internal sample/ 
hold amplifier. This unique design utilizes a bipolar 
technology with on-chip thin film resistors to preserve 
analog accuracy and a high-speed CMOS chip to 
perform digital logic control. Outstanding linearity, 
noise, and dynamic range are achieved by this con- 
verter design. The ADS602 is thoroughly tested for 
dynamic performance. 

The ADS602 is complete with internal reference, 
clock, and comparator and is packaged in a 32-pin 
ceramic DIP. Sample rate is set at the factory to 
1MHz. Performance is guaranteed with no missing 


Convert 

Command 


Parallel 

Digital 

Output 

Status 


• Tucson, AZ 85706 

| Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 

BURR -BROWN 

MMMM 


Offset Adjust 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. 


APPLICATIONS 

• DIGITAL SIGNAL PROCESSING 

• HIGH-SPEED DATA 
ACQUISITION SYSTEMS 

• MEDICAL INSTRUMENTATION 

• ANALYTICAL INSTRUMENTATION 

• TEST AND IMAGING SYSTEMS 

• WAVEFORM ANALYZERS 

codes over the input voltage, power supply, and oper- 
ating temperature range. The gain and offset errors are 
laser trimmed to specification. Optionally they may be 
externally adjusted to zero. 

The user can switch between unipolar (OV to +10V) 
and bipolar (±5V) operation through one digital logic 
level input. 

Output codes are available in complementary binary 
for unipolar inputs and complementary offset binary 
for bipolar inputs. 

All digital input and output are TTL-compatible. Power 
supply requirements are ±15V and +5V. 
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SPECIFICATIONS 

ELECTRICAL 


T case = +25°C, 1MHz sampling rate, ±V CC = ±15V, +V DD = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 




ADS602JG 

ADS602KG 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 




UNITS 

RESOLUTION 




12 




Bits 

ANALOG CHARACTERISTICS 1 

INPUTS 

Voltage Ranges: Bipolar 

Full Scale (FSR) *-*> 

-5 


+5 

* 


* 

V 

Unipolar 

Full Scale (FSR) ^ 

0 


+10 

* 


* 

V 

Input Resistance 



1 



* 


kSi 

Input Capacitance 



5 

10 


* 

* 

pF 

[ TRANSFER CHARACTERISTICS | 

STATIC ACCURACY 

Gain Error < 3> 4) 



±0.2 

±0.3 


±0.1 

±0.2 

% of FSR 

Input Offset Error ® 4 >: Unipolar 



±0.1 

±0.8 


* 

±0.4 

% of FSR 

Bipolar 



±0.1 

±0.6 


* 

±0.4 

% of FSR 

Integral Linearity Error 



1.2 

1.5 


0.9 

1.25 

LSB 

Differential Linearity Error 



1.2 

1.5 


0.9 

1.25 

LSB 

No Missing Codes 


Guaranteed 



* 



Power Supply Rejection of Offset and Gain 

A±V CC = ±10% 


±0.0036 

0.5 


* 

* 

%FSR/%V CC 


i±V M -±10% 


±0.001 

0.5 


* 

* 

%fsr/%v dd 

CONVERSION CHARACTERISTICS 

Sample Rate 

Without User Adjustment 

DC 


1M 

* 



samples/s 

Power Supply Rejection of Conversion Time 

A+V DD = ±5% 


±1 



* 


ns/%V DD 

DYNAMIC CHARACTERISTICS (The sampling frequency [fj = 1MHz and the input signal level = -0.5dB, unless otherwise stated.) | 

Differential Linearity Error (5) 

f c = 480kHz, 68% of All Codes 


0.35 



0.25 


LSB 


99% of All Codes 


0.6 



0.5 


LSB 


100% of All Codes 


1.2 



0.9 

1.25 

LSB 

Spurious Free Dynamic Range 

f c = 10kHz 


-74 



-86 

-76 

dB 


f c = 480kHz 


-68 



-73 

-70 

dB 

Total Harmonic Distortion® 

f c = 10kHz 


-79 



-83 

-75 

dBc 


f c = 480kHz 


-70 



-72 

-70 

dBc 

Two-Tone Intermodulation Distortion < 6 - 7 > 

f c = 90kHz and 110kHz (-6.5dB) 


-77 



* 


dBc 

Signal-to-Noise and Distortion 

f c = 10kHz 


71 


70 

72 


dB 

(SINAD) Ratio 

f c = 480kHz 


63 


64 

67 


dB 

Signal-to-Noise Ratio (SNR) 

f c = 10kHz 


71 


70 

73 


dB 


f c = 480kHz 


67 


67 

69 


dB 

Analog Input Bandwidth (-3dB) 

Small Signal 

-20dB Input 


16 



* 


MHz 

Full Power 

OdB Input 


4 



* 


MHz 

DIGITAL CHARACTERISTICS | 

INPUT 









Logic Family 


TTL-Compatible CMOS 


* 

* 


Convert Command Logic Voltages 

Logic Low 

0 


+0.8 

* 


* 

V 


Logic High 

+2 


+v DD 

* 


* 

V 

Convert Command Currents 

Logic Low 



-150 



* 

pA 

Convert Command 


High Level When Converting 

* 

* 

* 


OUTPUT 









Logic Family 


TTL-Compatible CMOS 

* 

* 

* 


Bits 1 through 12, Status 

Logic Low, l 0L = 3.2mA 


+0.1 

+0.4 


* 

* 

V 


Logic High, l 0H = -1 mA 

+2.7 

+4.9 


* 

* 


V 

Internal Clock Frequency 



17 



* 


MHz 

Status 


Low Level When Data Valid 

* 

* 

* 


POWER SUPPLY REQUIREMENTS 









Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

* 

* 

* 

V 

- v cc 


-14.25 

-15 

-15.75 

* 

* 

* 

V 

+v 0D 


+4.75 

+5 

+5.25 

* 

* 

* 

mA 

Supply Currents: +l cc 

Operating 


26 

30 


* 

* 

mA 

_I CC 



-110 

-140 


* 

* 

mA 

+ , DD 



60 

80 


* 

* 

mA 

Power Consumption 

Operating 


2.3 

2.8 


* 

* 

W 

Thermal Resistance, 0 JC (8> 



8.7 





°C/W 


* Specification same as ADS602JG. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (cont) 


ELECTRICAL (FULL TEMPERATURE SPECIFICATIONS) 

±V CC = ±15V, +V DD = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 




ADS602JG 

ADS602KG 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

TEMPERATURE RANGE SPECIFICATION 

"^CASE 

0 


+70 

* 


* 

°C 

TRANSFER CHARACTERISTICS j 

STATIC ACCURACY 

Gain Error (4 > 



±0.2 

±0.5 


±0.1 

±0.4 

% of FSR 

Input Offset Error (4 >: Unipolar 



±0.1 

±0.8 


* 

±0.4 

% of FSR 

Bipolar 



±0.1 

±0.6 


* 

±0.4 

% of FSR 

Integral Linearity Error 



1.25 

1.5 


1 

1.25 

LSB 

Differential Linearity Error 



1.25 

1.5 


1 

1.25 

LSB 

No Missing Codes 


Guaranteed 


* 



Power Supply Rejection of Offset and Gain 



±0.0036 

0.5 


* 

* 

%FSR/%V CC 




±0.001 

0.5 


* 

* 

%fsr/%v dd 

CONVERSION CHARACTERISTICS | 

Sample Rate 

Without User Adjustment 

DC 


1M 



* 

samples/s 

Power Supply Rejection of Conversion Time 

A +V DD = ±5% 


±1 



* 


ns/%V DD 

DYNAMIC CHARACTERISTICS (The sampling frequency [fj = 1MHz and the input signal level = -0.5dB, unless otherwise stated.) | 

Differential Linearity Error 

f c = 480kHz, 68% of All Codes 


0.35 



0.25 


LSB 


99% of All Codes 


0.7 



0.6 


LSB 


100% of All Codes 


1.3 



1 

1.25 

LSB 

Spurious Free Dynamic Range 

f c = 10kHz 


73 



85 

71 

dB 


f c = 480kHz 


62 



65 


dB 

Total Harmonic Distortion 

f c = 10kHz 


-81 



-83 

-70 

dBc 


f c = 480kHz 


-63 



-65 


dBc 

Two-Tone Intermodulation Distortion (7) 

f c = 90kHz and 110kHz (-6.5dB) 


-77 



-79 


dBc 

Signal-to-Noise and Distortion 

f c = 10kHz 


71 


68 

70 


dB 

(SINAD) Ratio 

f c = 480kHz 


63 



64 


dB 

Signal-to-Noise Ratio (SNR) 

f c = 10kHz 


71 


70 

73 


dB 


f c = 480kHz 


67 


67 

69 


dB 

Analog Input Bandwidth (-3dB) 

Small Signal 

-20dB Input 


16 



* 


MHz 

Full Power 

OdB 


4 



* 


MHz 

DIGITAL CHARACTERISTICS | 

INPUT 









Logic Family 


TTL-Compatible CMOS 

* 

* 

* 


Convert Command Logic Voltages 

Logic Low 

0 


+0.8 

* 


* 

V 


Logic High 

+2 


+v DD 

* 


* 

V 

Convert Command Currents 

Logic Low 



-150 



* 

pA 

Convert Command 


High Level When Converting 

* 

* 

* 


OUTPUT 









Logic Family 


TTL-Compatible CMOS 

* 

* 

* 


Bits 1 through 12, Status 

Logic Low, l OL = 3.2mA 


+0.1 

+0.4 


* 

* 

V 


Logic High, l OH = -1 mA 

+2.7 

+4.9 


* 

* 


V 

Internal Clock Frequency 



17 



* 


MHz 

Status 


Low Level When Data Valid 

* 

* 

* 


POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V 

Operating 

+14.25 

+15 

+15.75 

* 

* 

* 

V 

" V CC 


-14.25 

-15 

-15.75 

* 

* 

* 

V 

+ V DD 


+4.75 

+5 

+5.25 

* 

* 

* 

mA 

Supply Currents: +l cc 

Operating 


26 

30 


* 

* 

mA 

"Ice 



-110 

-140 


* 

* 

mA 

+' DD 



60 

80 


* 

* 

mA 

Power Consumption 

Operating 


2.3 

2.8 


* 

* 

W 

Thermal Resistance, 0 JC < 8 > 



8.7 



* 


°C/W 


* Specification same as ADS602JG. 


NOTES: (1) Over or under range on the analog input results in constant maximum or minimum digital output. (2) FSR = Full Scale Range. (3) Adjustable to zero. 
(4) If gain and offset adjust pins are not used, they should be grounded. (5) See Typical Performance Curves. (6) dBc = level referred to carrier input signal 
« -0.5dB of full scale; f c = input frequency, f s = sampling frequency. (7) IMD is referred to the larger of the two input test signals. If referred to the peak envelope 
signal (=0dB), the intermodulation products will be 6dB lower. (8) Temperature ranges refer to case temperature. Thermal resistance was measured on a small 
(5" diameter) handwired circuit board, with the test device in a zero-insertion-force socket. Thermal resistance will be lower if the ADS602 is soldered into the 
PC board, a ground plane is used directly underneath the package, multiple PC board layers are used, or forced air cooling is employed. Use heat sinking if 
necessary to keep the case at specified and operating temperatures. 
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ABSOLUTE MAXIMUM RATINGS 


±v cc 

±1 8V 

+V DD 

+7V 

Digital Inputs 

+5.5V 


:. +V 

Case Temperature 

+125°C 

Junction Temperature 

+150°C 

Storaaa Temoerature 

— 65°C to +150°C 

Stresses above these ratings may permanently damage the device. 


PACKAGE INFORMATIONS 



NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 
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TYPICAL PERFORMANCE CURVES 

±V CC = ±15V, +V DD = +5V, 1MHz sampling rate, 6-minute warmup, and T c = +25°C unless otherwise noted. 


SNR vs INPUT FREQUENCY 



Input Frequency (kHz) 


THD vs INPUT FREQUENCY 



Input Frequency (kHz) 



1 50 100 150 200 250 300 350 400 450 500 550 


Input Frequency (kHz) 


100kHz HARMONIC DISTORTION 
(4096 Points) 


u 

-10 


Normal Harmonics (dB) 

-20 


f c -0.5 

-30 


2f c -87.7 

-40 


3f c -103.9 

-50 


4f c -102.7 

5f c -107.3 

-60 


THD -86.5 

-70 


SINAD 71.8 

-80 


SNR 71.9 

-90 

-100 

-110 

-ion 

Wifi 

fTWiliWItfWIillill 


0 125 250 375 500 

Frequency (kHz) 


100kHz DIFFERENTIAL NON-LINEARITY 


480kHz DIFFERENTIAL NON-LINEARITY 



Code 


Code 
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PIN DEFINITIONS 


For Immediate Assistance, Contact Your Local Salesperson 


PIN NUMBER 

DESIGNATION 

DESCRIPTION 

1-6 and 11-16 

Bit 1 to Bit 12 

12-bit parallel output data. 

10 

Status 

Conversion status strobe is high during data conversion, low when parallel data is valid. 

18 

Convert Command 

High transition starts conversion, and should remain high during conversion. Low will reset clock and SAR 
logic. Rising edge may be used to latch data from previous conversion. 

24 

Gain Adjust Input 

Allows gain error to be externally adjusted to zero. Ground this pin if it is not used. 

25 

Analog Signal Input 

Signal input to internal S/H amplifier. 

26 

Offset Adjust Input 

Allows offset error to be externally adjusted to zero. Ground this pin if it is not used. 

29 

Unipolar/Bipolar Control 

Ground on this pin engages unipolar operation (0V to +10V). Leaving this pin open engages bipolar (±5V). 


The ADS602 is a sampling A/D converter that employs a 
successive approximation architecture. The ideal transfer 
function for an ADS602 in the bipolar mode is described in 
Figure 1. Initial gain and offset errors may be adjusted to 
zero, gain drift over temperature rotates the transfer function 
about -full scale end point, and offset drift shifts the transfer 
function left or right over the operating temperature range. 
Integral linearity error is the deviation of an actual bit 
transition from the best fit straight line transfer function of 
the converter. A differential linearity error of 0.012% means 
that the width of each bit step over the range of the converter 
is 1LSB, ±0.5LSB. The ADS602 is guaranteed to have no 
missing codes over its temperature range. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CONNECTION 

The basic connection for the ADS602 is shown in Figure 2. 
It is shown connected for ±5V bipolar operation. For unipo- 
lar operation, pin 29 should be grounded. 

INTERFACING 

The ADS602 has an impedance of approximately lk; there- 
fore, to maintain gain accuracy it must be driven from a low 
impedance source. The digital output lines should be buff- 
ered by a latch such as the 74AS574. These three-state 
drivers can then be connected directly to the data bus. 

LAYOUT PRECAUTIONS 

The ADS602 is a high-speed sampling analog-to-digital 
converter which requires more attention to circuit board 
layout than general purpose lower speed A/D converters. 

The ADS602 has two pins for analog common, two pins for 
digital common, and two pins for each power supply input. 
Each pair of these pins must be connected together since 
they are not connected together internally. Connecting all 
commons to a ground plane close to the ADS602 is the best 
method to maximize performance. The ground plane mini- 
mizes noise and provides additional heat dissipation. 



FIGURE 1. Input vs Output for an Ideal Bipolar A/D Con- 
verter. 


ANALOG INPUT 
VOLTAGE RANGE 

±5V 

0 V TO +10V 

Code Designation 

One Least 

COB (V 

CSB < 2 > 

Significant Bit (LSB) 

Transition Values 

MSB LSB ( 3 ) 

111...111 \ 
111...110 * 

100 ... 000 \ 
011—111 ^ 

000.. .001 ) 

000... 000 * 

2.44mV 

2.44mV 

-5V + 1/2LSB 

0 V + 1/2LSB 

-1/2LSB 

+5 - 1/2LSB 

+5 - 3/2LSB 

10V-3/2LSB 

NOTES: (1) COB = complementary offset binary. (2) CSB = complemen- 

tary straight binary. (3) Voltages given are the nominal value for the 

transition from the next code. 



TABLE I. Input Voltages, Transition Values, LSB Values, 
and Code Definitions. 
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POWER SUPPLY DECOUPLING 
AND POWER SUPPLY SENSITIVITY 

The +15V and +5V power supply pins should be bypassed 
with a lOpF tantalum capacitor as shown in Figure 2. Pin 30 
requires bypassing with a 150pF tantalum capacitor. These 
capacitors should be located close to the ADS602 supply 
pins. Ceramic 0.0 lpF bypass capacitors have been provided 
internally for more effective bypassing and need not be 
added externally. 

Changes in the DC power supply voltages will affect accu- 
racy. Regulated power supplies with 1% or less ripple are 
recommended for use with the ADS602. Power supply 
decoupling helps to keep ripple low. 

POWER DISSIPATION 

The ADS602 dissipates approximately 2.3W. The package 
has a junction-to-case thermal resistance ( 0 JC ) of 8.7°C/W 


and a case-to-ambient thermal resistance (0 CA ) of 13.7°C/W 
in a normal convection environment. 

OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and offset errors may be trimmed to zero using external 
trim potentiometers as shown in Figure 2. Multitum poten- 
tiometers with 100ppm/°C temperature coefficient are rec- 
ommended for minimum drift. If the gain adjust or offset 
adjust pins are not used, they must be grounded to meet the 
specified accuracy. . 

DYNAMIC PERFORMANCE TESTING I 

The ADS602 is a high performance sampling A/D converter 
and careful attention to test techniques is necessary to 
achieve accurate results. Spectral analysis by application of 
a fast Fourier transform (FFT) to the ADC digital output will 
provide data on important dynamic performance parameters. 



FIGURE 2. ADS602 Application Circuit. 
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TIMING CONSIDERATIONS 


Dynamic Performance Definitions 

1. Signal-to-Noise-and-Distortion Ratio (SINAD): 

sinewave signal power 

10 log 

noise + harmonic power (first 9 harmonics) 

2. Signal-to-Noise Ratio (SNR): 

sinewave signal power 

10 log : 

noise power 

3. Total Harmonic Distortion (THD): 

harmonic power (first 9 harmonics) 

10 log 

sinewave signal power 

4. Spurious Free Dynamic Range (SFDR): 

largest harmonic power 

10 log : 

sinewave signal power 

5. Intermodulation Distortion (IMD): 

highest IMD product power (to 5th order) 

10 log 

sinewave signal power 

IMD is referred to the larger of the test signals f 1 or f2. Five 
“bins” either side of peak are used for calculation of funda- 
mental and harmonic power. The “0” frequency bin (DC) is 
not included in these calculations as it is of little importance 
in dynamic signal processing applications. 


In addition to the timing details in Figure 3, the following list 
contains some important timing considerations for the 
ADS602: 

1 . When power is first applied, the convert command should 
be held low or below the +5V supply to prevent latch up. 

2. The rising edge of the convert command pulse initiates a 
conversion. This convert command should remain high until 
the Status falls (i.e., the internal ADC is finished convert- 
ing). A simple circuit that provides the correct convert 
command (pin 18) pulse length, is shown in Figure 2. 

3. The ADS602 goes directly into the “hold” mode when a 
convert command signal is given. The Status falls approxi- 
mately 780ns later, indicating that the conversion is com- 
plete. At this time, the sample-hold (internal to the ADS602) 
enters the track mode. The ADS602 will remain in the track 
mode until the next convert command is given. 

4. The data from conversion “N” can be latched directly by 
the convert command pulse “N + 1”. This approach is 
illustrated in Figure 2. The falling edge of Status may be 
used to latch the data; however, Status must be delayed by 
t SD (see Figure 3) plus the external latch (74AS574) setup 
time. 



c Track / Hold \ Track / HolcT 

Sample/Hold / \ ___ I 

Timing 



MIN 

TYP 

MAX 


t CH 

100ns 



External convert command pulse width.* 

tec 


780ns 



tcONV 

1|IS 



Convert command minimum period. 

tsD 


17ns 

50ns 

Status low to data valid. 

t S L 


780ns 


Convert command to status low. 

tci 

11ns 

20ns 


Convert command to data invalid. 


FIGURE 3. ADS602 Logic Timing Diagram. 
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BURR - BROWN ® 




ADS605 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


12-Bit 10MSPS 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• COMPLETE, SELF-CONTAINED DESIGN 

• HIGH SPURIOUS-FREE DYNAMIC RANGE: 
76dBc at Nyquist 

• LOW DNL ERROR: 0.5 LSB 

• HIGH SNR: 65dB at Nyquist 

• SINGLE-ENDED TRACK/HOLD 

• WIDEBAND TRACK/HOLD: 

32MHz Full Power Bandwidth 

• LOW DRIFT REFERENCE: 20ppm/°C 

• LOW POWER: 1.4W 

• COMPACT 28-PIN DIP PACKAGE 


APPLICATIONS 

• MEDICAL IMAGING 

• CCD IMAGING 

• COMMUNICATIONS 

• RADAR 

• TEST INSTRUMENTATION 

• HIGH SPEED DATA ACQUISITION 

• PHOTOGRAPHIC IMAGING 

• IR IMAGING 

• SPECTRUM ANALYSIS 


DESCRIPTION 

The ADS605 is a high performance sampling analog- 
to-digital converter complete with a track/hold, low 
drift reference and internal timing. The wideband 
track/hold has a user-friendly single-ended input. Its 
robust, no compromise, design yields EXCELLENT 
NYQUIST PERFORMANCE for key specifications 
like spurious free dynamic range, SNR and differential 


linearity. Both DC and dynamic specifications are 
guaranteed. 

The ADS605 is packaged in a 28-pin hermetic DIP 
package. The logic interface is TTL. The DEM- 
ADS605 demonstration board is available to quickly 
evaluate this high performance device. 



Digital 

Error 12-bit 

Corrector Digital 

(Adder) Output 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-61 32 
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FULL TEMPERATURE SPECIFICATIONS 


ELECTRICAL 

T = 0°C to +70°C case temperature, f s = 10MHz, +V S = +5V, -V s = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified. 




ADS605H 

ADS605HB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 



* 

Bits 

ANALOG INPUT 

Voltage Range 



±1.0 



* 


V 

Impedance 



1.5 



* 


MQ 

Capacitance 



5 



* 


PF 

CONVERSION CHARACTERISTICS 

Sample Rate Range 


DC 


10 

* 


. 

MHz 

Throughput Rate 


10 



* 



MHz 

Pipeline Delay 



One Convert Command Period 



Start Up Time to Rated Accuracy 




1 



* 

minute 

DC ACCURACY 

Integral Linearity Error 

f IN = 100kHz 


±2.0 



±1.7 

±2.5 

LSB* 1 * 

Differential Linearity Error 

f IN = 100kHz 


±0.6 

-0.99, +1.5 


±0.5 

-0.99, +1.0 

LSB 

No Missing Codes 

f IN = 100kHz 


Guaranteed 



Guaranteed 



Gain Error* 2 ' 3 > 

DC 


0.9 

±1.25 


0.7 

±1.0 

%FSR 

Bipolar Zero Error® 

Power Supply Sensitivity 

DC 


0.2 

±0.75 


0.1 

±0.3 

% 

+v s 

+4.75V < +V S < +5.25V 


±0.002 

±0.05 


±0.001 

±0.05 

%FSR 

-V s 

-4.75V < -V s < -5.46V 


±0.002 

±0.05 


±0.001 

±0.05 

%FSR 

AC ACCURACY 

Input Signal within IdB of Full Scale 








Spurious-Free Dynamic Range 

f IN = 100kHz 

73 

78 


78 

82 


dBFS* 4 > 


f IN = 5MHz 

67 

73 


71 

76 


dBFS 

Total Harmonic Distortion 

f IN = 100kHz 


-75 

-70 


-80 

-75 

dBFS 


f IN = 5MHz 


-70 

-67 


-74 

-70 

dBFS 

Signal-to-(Noise+Distortion) Ratio 

f IN = 100kHz 

61 

65 


64 

67 


dBc 


f IN = 5MHz 

60 

63 


62 

65 


dBc 

Signal-to-Noise Ratio 

f IM = 100kHz 

62 

64 


65 

67 


dB 


f IM = 5MHz 

61 

63 


63 

64 


dB 

Differential Linearity Error 

f IN = 5MHz 


±0.8 

-0.99, +1.5 


±0.6 

±0.85 

LSB 

No Missing Codes 

f 1N = 5MHz 


Guaranteed 



Guaranteed 



Full-Power Bandwidth® 



32 



* 


MHz 

SAMPLING DYNAMICS 

Aperture Delay 


1 

1.0 



* 


ns 

Aperture Jitter 



3 



* 


ps rms 

Overvoltage Recovery* 6 ) 



96 

200 


* 

* 

ns 

CONVERT INPUT 

Pulse Width 

Logic Levels 


— 

30 


42 

* 


* 

ns 

V,L 


-0.15 


+0.8 

* 


* 

V 

V| H 


+2.0 


V 0 + 0.15 

* 


* 

V 

l,L 




±750 



* 

pA 

l 1H 




±750 



* 

pA 

DIGITAL OUTPUTS 




Paralle 

>1 12-bits 




Data Format 




Binary Two’s Complement 



Data Coding 









V 0 L 

Uink = 1 -6mA 



+0.5 



* 

V 

Voh 

^SOURCE = 80pA 

+2.4 



* 



V 

POWER SUPPLIES 

Specified Performance 









+v s 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

+l s 



+60 

+100 


* 

* 

mA 

-V s 


-5.46 

-5.2 

-4.75 

* 

* 

* 

V 

-l s 



-200 

+220 


* 

* 

mA 

Power Dissipation 



1.35 

1.7 


* 

1.5 

W 

TEMPERATURE RANGE 

Specified Performance 

Case Temperature 

0 


+70 

* 


* 

Bp| 

®JC 

Junction-to-Case 


10 



* 



®CA 

Case-to-Ambient 


28 



* 




NOTES: (1) LSB means Least Significant Bit. For the 12-bit, +1.0V input ADS605, one LSB is 488pV. (2) Adjustable to zero with external potentiometer. (3) Gain 
error scale error is the worst case of -Full Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not 
divided by the full-scale range) and includes the effect of offset error. (4) dBFS is dB relative to a full-scale ±1.0V input. (5) Full-Power Bandwidth defined as the 
-3dB frequency of the Track/Hold referred to as Full Scale. (6) Recovers to specified performance after 2 x FS input overvoltage. 
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Top View 




DIP 


r 

VC7 

28 



+V S A 

Ground 


Bit 1 

i 


E 

V, N 


Bit 2 

3 


26 

Ground 


Bit 3 

“ 


- 

-V S A 


Bit 4 

I 



-V S A 


Bit 5 

E 


23 

Ground 


Bit 6 

I 

ADS605 

22 

v os 


Bit 7 

« 


z 

Gain 


Bit 8 

I 


~20~] 

Ground 


Bit 9 

z 


z 

-V S D 


Bit 10 

Z 


z 

— V S D 


Bit 11 

E 


z 

+V S D 


Bit 12 

Z 


z 

Conv 


Data Strobe 

E 


z 

Ground 








ABSOLUTE MAXIMUM RATINGS 


+v s 

+7 V 

-v s 

-7V 

Analog Input 

+2.5V 

Logic Input 

-0.5V to +V S 

Case Temperature 

+100°C 

Junction Temperature 

+165°C 

Storaae Tenrmerature 

— 65°C to +125°C 

i : : i 


NOTE: (1) Stresses above these ratings may permanently damage the device. 


PIN DESCRIPTION 


PIN NUMBER 

NAME 

DESCRIPTION 

1 

Analog +V 

+5V 

2 

Bit 1 

Most Significant Bit 

3 

Bit 2 


4 

Bit 3 


5 

Bit 4 


6 

Bit 5 


7 

Bit 6 


8 

Bit 7 


9 

Bit 8 


10 

Bit 9 


11 

Bit 10 


12 

Bit 11 


13 

Bit 12 

Least Significant Bit 

14 

Data Strobe 

Rising edge can be used to 
latch data into external 
latches. 

15 

Ground 


16 

Conv 

Convert Command. A rising 
edge on this input initiates 
conversion. 

17 

Digital +V S 

+5V 

18 

Digital -V s 

-5.2 V 

19 

Digital -V s 


20 

Ground 


21 

Gain 

Gain Adjust Input 

22 

Vos 

Offset Adjust Input 

23 

Ground 


24 

Analog -V s 

-5.2V 

25 

Analog -V s 

-5.2V 

26 

Ground 


27 

V| N 

Analog Input. Full scale range 
is ±1.0V 

28 

Ground 



ORDERING INFORMATION 


isic Model Number - 


Package Code 

H: Metal and Ceramic 


X 


( ) 


Performance Grade Code 
No letter or "B": 0°C to +70°C Case Temperature 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS605H 

28-Pin Ceramic DIP 

237 

ADS605HB 

28-Pin Ceramic DIP 

237 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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Amplitude (dB) Amplitude (dB) Amplitude (dB) 
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TYPICAL PERFORMANCE CURVES 

T = 0°C to +70°C case temperature, f s = 10MHz, +V S = +5V, -V s = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified. 


1MHz SPECTRAL PERFORMANCE 



Frequency (MHz) 


2MHz SPECTRAL PERFORMANCE 



Frequency (MHz) 


4.7MHz SPECTRAL PERFORMANCE 

0 

-15 
-30 
-45 
-60 
-75 
-90 
-105 
-120 
-135 
-150 

0 1.25 2.5 3.75 5.0 

Frequency (MHz) 





— 










































L 1 





1 



li 























i 








1 

i 





2MHz SPECTRAL PERFORMANCE 
WITH A 5MHz SAMPLING RATE 

0 


-20 


TJ, 

© 

Jj -60 

"cL 

E 

< -80 


-100 
-120 

0 0.5 1.0 1.5 2.0 2.5 

Frequency (MHz) 



TWO-TONE INTERMODULATION DISTORTION 

0 

-20 
-40 
-60 

-80 
-100 

-120 

0 1.0 2.0 3.0 4.0 5.0 

Frequency (MHz) 




2MHz SPURIOUS FREE DYNAMIC RANGE 



-40 -20 0 20 40 60 

Temperature (°C) 
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DNL Error (LSBs) THD (dBc) SFDR (dBFS) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T = 0°C to +70°C case temperature, f s = 10MHz, +V S = +5V, -V s = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified. 


5MHz SPURIOUS FREE DYNAMIC RANGE 



-40 -20 0 20 40 60 80 


& 


2MHz TOTAL HARMONIC DISTORTION 



-40 -20 0 20 40 60 80 


Temperature (°C) 


Temperature (°C) 


5MHz TOTAL HARMONIC DISTORTION 
vs TEMPERATURE 



100kHz DIFFERENTIAL NON-LINEARITY 


f IN = 100kHz 




iUJidiU 

JuJjiijjLi.L.„[i.l 

IjJ.lLl.u!l1! 

AMig 



WlfPlWl 
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1000 2000 3000 4000 


Temperature (°C) 


Code 


2MHz DIFFERENTIAL NON-LINEARITY 



Code 


5MHz DIFFERENTIAL NON-LINEARITY 
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DNL Error (LSBs) SNR (dB) SNR (dB) 


For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES (CONT) 

T = 0°C to +70°C case temperature, f s = 10MHz, +V S = +5V, -V s = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified. 


1 00kHz SIGNAL-TO-NOISE RATIO 2MHz SIGNAL-TO-NOISE RATIO 




-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80 


Temperature (°C) 


Temperature (°C) 


5MHz SIGNAL-TO-NOISE RATIO 
vs TEMPERATURE 



-40 -20 0 20 40 60 80 


OUTPUT CODE COUNTS 
WITH THE INPUT GROUNDED 



2035 2040 2045 2050 


Temperature (°C) 


Output Code 


DIFFERENTIAL NON-LINEARITY ERROR 
vs CONVERT COMMAND CLOCK PULSE WIDTH 



10 20 30 40 50 60 



-40 -20 0 20 40 60 


Pulse Width (ns) 


Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T = 0°C to +70°C case temperature, f s = 10MHz, +V S = +5V, -V s = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified. 



-40 -20 0 20 40 60 

Temperature (°C) 



-40 -20 0 20 40 60 

Temperature (°C) 



+12 0 -10 -20 -30 -40 -50 -60 

Input Level (dBm) 
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FIGURE 1. ADS605 Timing Diagram. 



DESCRIPTION 


ES3I 

m ' ly .4 

tcc 

Convert Command Pulse Width 

30ns 


42ns 

t|NV 

Data Invalid Period 

10ns 


35ns 

ts 

Data Strobe Rising Edge 

65ns 

75ns 

85ns 

Vi 

Acquisition Time 


30ns 


L 

Quantizer Time 


70ns 



TABLE I. Timing Specifications. 


THEORY OF OPERATION 

The ADS605 is a two-step subranging analog-to-digital 
converter. Conceptually, the subranging technique is simple: 
sample and hold the input signal, convert to digital with a 
coarse ADC, convert back to analog with a coarse-resolution 
(but high accuracy) DAC, subtract this voltage from the 
T/H output, amplify this “remainder,” convert to digital with 
second coarse ADC, and combine the digital output from the 
first ADC with the digital output from the second ADC. In 
practice, however achieving high conversion speed without 
sacrificing accuracy is a difficult task. 

The analog input signal is sampled by a high-speed track/ 
hold amplifier with low distortion, fast acquisition time and 
very low aperture uncertainty (jitter). 

Internal timing circuits (ECL logic is used internally) supply 
all the critical timing signals necessary for proper operation 
of the ADS605. Timing signals are laser- trimmed for both 
pulse width and delay. ECL logic is used internally for its 
speed, low noise characteristics and timing delay stability 
over a wide range of temperatures and power supply volt- 
ages. 

The ADS605 timing technique generates a variable width 
T/H gate pulse which is determined by the conversion 
command pulse period minus a fixed 70ns ADC conversion 
time. ADS605 conversion rates are therefore possible some- 
what above the 10MSPS specification but acquisition time is 
sacrificed and accuracy is rapidly degraded. 


INPUT VOLTAGE 
(Exact Center of Code) 

BINARY TWO'S 
COMPLEMENT (BTC) 
OUTPUT CODING 

+FS (+1.0V) 

011111111111 

+FS - 1 LSB 

011111111111 

+FS - 2LSB 

011111111110 

+3/4 Full Scale 

011000000000 

+1/2 Full Scale 

010000000000 

+1/4 Full Scale 

001000000000 

+1LSB 

000000000001 

Bipolar Zero (0V) 

000000000000 

-1 LSB 

111111111111 

-1/4 Full Scale 

111000000000 

-1/2 Full Scale 

110000000000 

-3/4 Full Scale 

101000000000 

-FS-1LSB 

100000000001 

-FS (-1.0V) 

100000000000 

MSB LSB 


TABLE II. Coding Table for the ADS605 . One LSB = 488pV. 


DISCUSSION OF 
PERFORMANCE 

DYNAMIC PERFORMANCE TESTING 

The ADS605 is a very high performance converter and 
careful attention to test techniques is necessary to achieve 
accurate results. Spectral analysis by application of a fast 
Fourier transform (FFT) to the ADC digital output will 
provide data on all important dynamic performance param- 
eters: spurious free dynamic range (SFDR), signal-to-noise 
ratio (SNR), signal-to-noise-and-distortion ratio (SINAD), 
and intermodulation distortion (IMD). 

Highly accurate phase-locked signal sources allow high 
resolution coherent FFT measurements to be made without 
using window functions. By choosing appropriate signal 
frequencies and sample rates, an odd integral number of 
signal frequency periods can be sampled. Because no spec- 
tral leakage results, a rectangular window (no window func- 
tion) can be used. This was used to generate the typical FFT 
performance curves. 
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If generators cannot be phase-locked and set to extreme 
accuracy, every low side-lobe window must be applied to 
the digital data before executing an FFT. A commonly used 
window such as the Hanning window is not appropriate for 
testing high performance converters; a minimum four- sample 
Blackman-Harris window is strongly recommended. To as- 
sure that the majority of codes are exercised in the ADS605, 
a minimum 4096 point FFT should be taken. 

APPLICATIONS 

The following points must be followed carefully in order to 
accurately test the precision ADS605: 

1 . The ADC analog input must not be overdriven. Using a 
signal amplitude slightly lower than FSR will allow a 
small amount of “headroom” so that noise or DC offset 
voltage will not overrange the AC+DC and “hard limit” 
on signal peaks. 

2. Two-tone tests can produce signal envelopes that exceed 
FSR. Set each test signal to slightly less than -6dB to 
prevent “hard limiting” on peaks. 

3. Two-tone testing will require isolation between test sig- 
nal generators to prevent IMD generation in the test 
generator output circuits. An active summing amplifier 


using an OPA642 is shown in Figure 2. This circuit will 
provide excellent performance from DC to 10MHz with 
harmonic and intermodulation components typically bet- 
ter than -85dBc. A passive (hybrid transformer) signal 
combiner can also be used (Figures 3 and 4) over a range 
of about 0. 1MHz to 30MHz. This combiner’s port-to-port 
isolation will be approximately 45dB between signal 
generators and its input-output insertion loss will be 
about 6dB. Distortion will be better than -85dBc for the 
powdered-iron core specified. 



500 In @- 


500 In @- 


4020 


tAAA 


4020 

-AAA- 


4020 



FIGURE 2. Active Signal Combiner. 
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4. The signal source must be filtered to provide a clean, 
harmonic-free input to the ADS605. This signal source 
must have exceptional noise performance to achieve 
accurate SNR measurements. 

5. The analog input of the ADS605 should be terminated 
directly at the input pin sockets with the correct filter 
terminating impedance (5012 or 7512), or it should be 
driven by a low output impedance buffer such as an 
OPA642. Short leads are necessary to prevent digital 
noise pickup. 

6. The convert command must be generated form a low jitter 
source. The convert command high time can range from 
30ns to 42ns. A 50% convert command duty cycle will 
lead to excessive noise coupling in the converter. A high 
jitter convert command source will add significant noise 
to the system results. An HP8644A generator is a good 
clock source. Short leads are necessary to preserve fast 
TTL rise times. 

7. The digital data at the output of the ADS605 must be 
buffered externally prior to latching. A buffered TTL 12- 
bit register such as two 74F574s is recommended. This 
data can be latched using the DATA STROBE pulse or 
the convert command pulse. The latches should be 
mounted on PC boards in very close proximity to the 
ADS605. Avoid long leads. 

8. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response. Proper 
grounding and bypassing, short lead lengths, separation 
of analog and digital signals, and the use of ground 
planes are particularly important for high frequency 
circuits. Multilayer PC boards are recommended for best 
performance, but a two-sided PC board with large, heavy 
ground planes can give excellent results, if carefully 
designed. 

9. Prototyping “plug boards” or wire-wrap boards will not 
be satisfactory. 


10. Connect analog and digital ground pins of the ADS605 
directly to the ground plane. In our experience, connect- 
ing these pins to a common ground plane gives the best 
results. Analog and digital power supply commons should 
be tied together at the ground plane. 

11. Power supplies should be bypassed with 0.1 pF and 
2.2pF capacitors. The 0.1 pF monoblock capacitors should 
be placed on the topside of the PC board as close to the 
pin as your manufacturing process allows. 

12. If using a cable to drive the input of the ADS 605, avoid 
reflections down the cable that could degrade dynamic 
performance by placing a 3dB attenuator at the end of 
the cable. The input amplitude may be doubled to main- 
tain signal amplitude. 

OFFSET AND GAIN ADJUSTMENT 

The ADS605 is carefully laser-trimmed to achieve its rated 
accuracy without external adjustments. If desired, both gain 
error and input offset voltage error may be trimmed to zero 
with external potentiometers by using the application cir- 
cuits in Figure 5. Trim range is typically ±2.0% for gain and 
±2.0% for offset. If gain and offset trim is not used, pins 21 
and 22 should be grounded. 

THERMAL REQUIREMENTS 

The ADS605 is tested and specified over a case temperature 
range of 0°C to +70°C. The converter is tested in a forced- 
air environment with a 10 SCFM air flow. At extended 
temperatures, heat sinking may be required. The thermal 
resistances (0 JC and 0 CA ) of the ADS605 package are 
10°C/W and 28°C/W, respectively, measured to the under- 
side of the case. 
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FIGURE 7. DEM-ADS605 Top PCB Layer. Analog Ground Plane, Top View. 
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FIGURE 8. DEM-ADS605 Middle PCB Layer. Power Plane, Top View. 



FIGURE 9. DEM-ADS605 Bottom PCB Layer. Interconnect, Top View. 
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FIGURE 10. A Low Distortion or Low Power Amplifier Front End for the ADS605. 


300ft 300ft 



FIGURE 11. TTL-Controlled Input Multiplexer with Gain of +2V/V in Front of the ADS605. 
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FIGURE 12. A Differential Amplifier Input for Rejecting Common-Mode Ground Noise. 
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PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


14-Bit 10MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• HIGH SPURIOUS-FREE DYNAMIC RANGE: 
90dB AT Nyquist 

• WIDE FULL-POWER BANDWIDTH: 

40MHz 

• HIGH SIGNAL-TO-NOISE RATIO: 77dB 

• NO MISSING CODES AT 14 BITS 

• PIN CONSISTENT WITH ADS703, ADS704: 
(16-Bit 2.5MHz, 18-Bit 500kHz) 

• ±1 .25V ANALOG INPUT RANGE 

• LOW POWER: 2.5 Watts 

• SMALL HERMETIC PACKAGE: 0.6" x 2.0 M 


APPLICATIONS 


• COMMUNICATIONS SIGNAL PROCESSING 

• RADAR SIGNAL PROCESSING 

• CCD IMAGING 

• MAGNETIC RESONANCE IMAGING 

• ULTRASOUND SIGNAL PROCESSING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH SPEED DATA ACQUISITION 


DESCRIPTION 

The ADS610 is a very high speed, highly integrated 
14-bit sampling A/D converter. It is designed for 
superior performance and low noise. 

The ADS610 is a two-step subranging design contain- 
ing a quantizer, sample/hold amplifier, voltage refer- 
ence and timing circuitry in a slim 40-pin package. It 
is pin consistent with the ADS703 (16-bit 2.5MHz) 


and the ADS704 (18-bit 500kHz) sampling ADC’s, 
allowing the user to choose easily between speed and 
resolution. A convenient TTL-compatible logic inter- 
face is provided. 

A demonstration board (DEM-ADS610) is available 
for quick evaluation. 
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SPECIFICATIONS 


T a = +25°C, +V S = +5V, -V s = -5.2V, ±1 ,25V Input Range, Sampling Rate = 10MHz unless otherwise noted. 





ADS610H 

ADS610HB 


PARAMETER 

CONDITIONS 

TEMPERATURE 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 





14 



* 

Bits 

TEMPERATURE RANGE: H, HB 

Tambient 


-40 


+70 

* 


* 

°C 

ANALOG INPUT 

Full Scale Input Range 



-1.25 


+1.25 



* 

V 

Input Impedance 



0.3 x 10 12 || 2 


* 


ailpF 

DIGITAL INPUTS 










Logic Family 



TTL/HCT Compatible 


* 



Convert Command 

Start Conversion 


Convert Command Rising Edge 


* 


1 

Pulse Width 

t = Conversion Period 


10 


t -20 

* 


* 

ns 

CONVERSION CHARACTERISTICS 

Sample Rate 



DC 


10M 

* 


* 

Samples/s 

Data Latency 




1 



* 

C 

invert Cycle 

DC ACCURACY 

Gain Error 


+25°C 


0.3 

0.7 


0.2 

0.5 

% FSR 



Full 







ppm/°C 

Input Offset 


+25°C 


0.4 

0.7 


0.2 

0.5 

% FSR 



Full 







ppm/°C 

Power Supply Rejection 

Delta +V S = 5% 

Full 


±0.03 

±0.07 


* 

* 

% FSR/% 


Delta — V s = 5% 

Full 


±0.01 

±0.07 


* 

* 

% FSR/% 

DYNAMIC CHARACTERISTICS 










No Missing Codes 

Differential Linearity Error 


Full 

C 

Guarantee 



Buaranteec 



f = 8kHz 


+25°C 


0.8 

1.5 


0.6 

0.8 

LSB 



Full 


0.8 

1.5 


0.6 

1.0 

LSB 

f = 5MHz 


+25°C 


0.9 

2.0 


0.6 

1.0 

LSB 



Full 


0.9 

2.0 


0.7 

1.0 

LSB 

Integral Linearity Error 


+25°C 


0.9 

1.5 


0.7 

1.0 

LSB 



Full 


1.4 

2.0 


1.2 

1.5 

LSB 

Spurious Free Dynamic Range (SFDR) 










f = 8kHz (-IdBFS Input) 


+25°C 

83 

87 


90 

92 


dBFS 



Full 

82 

86 


87 

91 


dBFS 

f = 5.0MHz (-IdBFS Input) 


+25°C 

83 

86 


90 

91 


dBFS 



Full 

82 

85 


87 

90 


dBFS 

Two-Tone Intermodulation Distortion 










f = 4.4 and 4.5MHz (-7dB each tone) 


+25°C 


—86 



-91 


dBFS 



Full 


-85 



-90 


dBFS 

Signal-to-Noise Ratio (SNR) 










f = 8kHz (-IdBFS Input) 


+25°C 

70 

76 


75 

79 


dB 



Full 

70 

75 


75 

78 


dB 

f = 5.0MHz (-IdBFS Input) 


+25°C 

70 

75 


75 

77 


dB 



Full 

70 

74 


75 

77 


dB 

SINAD 










f = 8kHz (-IdBFS Input) 


+25°C 

69 

75 


74 

78 


dB 



Full 

69 

74 


74 

77 


dB 

f = 5.0MHz (-IdBFS Input) 


+25°C 

69 

74 


74 

77 


dB 



Full 

69 

74 


74 

77 


dB 

Output Noise 

Input Grounded 



0.6 



* 


LSBrms 

Aperture Delay Time 


; ■ | 3 1 ’ 


5 



* 


ns 

Aperture Jitter 

Analog Input Bandwidth (-3dB) 


HBH 


5 





ps rms 

Small Signal 

-20dB Input 

+25°C 


120 



* 


MHz 

Full Power 

OdB Input 

+25°C 


40 



* 


MHz 

Overload Recovery Time 

2x Full Scale Input 

+25°C 


1 



* 


ps 

OUTPUTS 










Logic Family 



TTL Compatible 


* 



Logic Coding 

Logic Selectable 


SOB or COB 


* 



Logic Levels 










Logic “LO” 

l 0L < 3.2mA 

Full 

0 


0.5 

* 


* 

V 

Logic “HI” 

l 0H < 80pA 

Full 

4 

4.9 


* 


* 

V 

3-State Enable/Disable Time 


Full 


10 

25 


* 

* 

ns 


mm 
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SPECIFICATIONS(CONT) 

T a = +25°C, +V S = +5V, — V s = -5.2V, ±1 .25V Input Range, Sampling Rate = 1 0MHz unless otherwise noted. 


PARAMETER 

CONDITIONS 

TEMPERATURE 

| ADS610H 

| ADS610HB | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

POWER SUPPLY REQUIREMENTS 










Supply Voltages: +V S 

Operating 

Full 

+4.75 

+5.0 

+5.25 

* 

* 

* 

V 

-V s 


Full 

-5.46 

-5.2 

-4.94 

* 

* 

* 

V 

Supply Currents: +l s 

Operating 

Full 


125 



* 


mA 

“Is 


Full 


375 



* 


mA 

Power Consumption 


Full 


2.5 

2.75 


* 

* 

W 

0 JC 




TBD 



TBD 


°C/W 

0 JA 

Still Air 



TBD 



TBD 


°C/W 


ABSOLUTE MAXIMUM RATINGS 


+V S +6V 

-V s 0.3V to -6V 

Logic Inputs OV to -5.5V 

Junction Temperature +165°C 

Storage Temperature -65°C to +165°C 

Lead Temperature (soldering, 10s) +300°C 


NOTE: Stresses above these ratings may permanently damage the device. 


PIN CONFIGURATION 


Top View 


Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 

No Internal Connection 
No Internal Connection 
No Internal Connection 
No Internal Connection 
Over/Underrange 
Convert Command 


DIP 


H 


4o]GND 

m 


39 | Analog Input 

a 


38 | +5V 

El 


37 | GND 

m 


36 | — 5V 

m 


35 | Reference Input 

□ 


34 | Reference Output 

Ll 


33 | Ref (Gain) Adjust 

□ 


32] GND 

EE 


31 [ Offset Adjust 

D 


30~|+5V 

m 


29] GND 

m 


~28~[-5V 

□ 


27] -5V 

m 


26] GND 

m 


g+5V 

m 


24 | Test/Trim Enable 

B3 

1 


23 | Polarity Control 
1 


22 [OUTPUT ENABLE 



~21~] GND 


PACKAGING INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

ADS610H, HB 

40-Pin, 0.6" Wide Hermetic DIP 

214 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


ADS610 H ( ) 

Basic Model Number ' 

Package Code 

Performance Grade Code 

No letter or “B” = -40°C to +70°C Ambient Temperature 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TIMING DIAGRAM 



Ons 10ns 20ns 30ns 40ns 50ns 60ns 70ns 80ns 90ns 100ns 120ns 130ns 140ns 150ns 160ns 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

tcONV 

Convert Command Period 

100 



ns 

tcCH 

Convert Command Pulse Width High 

20 


l CONV “ 20 

ns 

tcCL 

Convert Command Pulse Width Low 

20 


tcONV -20 

ns 

*DV 

Data Valid After Convert Command 

40 

63 


ns 

tx 

Data Valid Before Convert Command 

20 

37 


ns 


NOTE: The time scale applies for a 10MHz conversion rate. The “SS” indicates the part of timing waveform that 
will “stretch out” at slower conversion rates. 


tMMM 


Burr-Brown 1C Data Book-Data Conversion Products 


2.165 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS 













For Immediate Assistance, Contact Your Local Salesperson 


BURR - BROWN® 



ADS703 


PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


16-Bit 2.5MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


• HIGH SPURIOUS-FREE DYNAMIC RANGE: 
92dB AT 1MHz 

• HIGH SNR: 90dB AT 1MHz 

• NO MISSING CODES AT 16 BITS 

• LOW NONLINEARITY: ±1LSB 

• PIN CONSISTENT WITH ADS610, ADS704: 
(14-Bit 10MHz, 18-Bit 500kHz) 

• ±2.5V ANALOG INPUT RANGE 

• LOW POWER: 2.75Watts 

• SMALL HERMETIC PACKAGE: 0.6” x 2.0” 


APPLICATIONS 

• MEDICAL IMAGING 

• SPECTRUM ANALYZERS 

• IR SPECTROMETERS 

• CCD IMAGING 

• ULTRASOUND SIGNAL PROCESSING 

• SONAR SIGNAL PROCESSING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH SPEED DATA ACQUISITION 


DESCRIPTION 

The ADS703 is a very high speed, highly integrated 16- 
bit sampling A/D converter. It is designed for superior 
linearity, low noise and wideband spectral performance. 

The ADS703 is a three-step subranging design contain- 
ing a quantizer, sample/hold amplifier, voltage refer- 
ence and timing circuitry in a slim 40-pin package. It is 
pin consistent with the ADS6 1 0 (14-bit 1 0MHz) and the 


ADS704 (18-bit 500kHz) sampling ADC’s, allowing 
the user to choose easily between speed and resolution. 
A convenient TTL-compatible logic interface is pro- 
vided. 

A demonstration board (DEM-ADS703) is available 
for quick evaluation. 
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SPECIFICATIONS 

T a = +25°C, +V S = +5V, -V s = -5.2V, ±2.5V Input Range, Sampling Rate = 2.5MHz unless otherwise noted. 





ADS703H 

ADS703HB 


PARAMETER 

CONDITIONS 

TEMPERATURE 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 





16 



* 

Bits 

TEMPERATURE RANGE: H, HB 

Tambient 


-40 


+70 

* 


* 

°C 

ANALOG INPUT 

Full Scale Input Range 



-2.5 


+2.5 

* 


* 

V 

Input Impedance 



0.3 x 10 12 || 2 


* 


Q||pF 

DIGITAL INPUTS 










Logic Family 



TTL/HCT Compatible 


* 



Start Conversion 



Convert Command Rising Edge 


* 



Convert Command Pulse Width 

t = Conversion Period 


10 


t -20 

* 


* 

ns 

CONVERSION CHARACTERISTICS 

Sample Rate 


Full 

DC 


2.5M 

* 


* 

Samples/s 

Data Latency 




1 



* 

C 

Dnvert Cycle 

DC ACCURACY 

Gain Error 


+25°C 


0.3 

0.7 


0.2 

0.5 

% FSR 



Full 


0.4 

0.7 


0.2 

0.5 

% FSR 

Input Offset 


+25°C 


0.4 

0.7 


0.2 

0.5 

% FSR 



Full 


0.4 

0.7 


0.3 

0.5 

% FSR 

Power Supply Rejection 

Delta +V S = 5% 

Full 


±0.03 

±0.07 


* 

* 

% FSR/% 


Delta -V s = 5% 

Full 


±0.01 

±0.07 


* 

* 

% FSR/% 

DYNAMIC CHARACTERISTICS 










No Missing Codes 


+25°C 

C 

Guarantee 



3uaranteec 





Full 


Typical 


Guaranteed 


Differential Linearity Error 










f = 8kHz 


+25°C 


0.8 

1.5 


0.6 

1.0 

LSB 



Full 


0.8 

1.5 


0.7 

1.0 

LSB 

f = 1.0MHz 


+25°C 


0.9 

1.5 


0.7 

1.0 

LSB 



Full 


0.9 

1.5 


0.8 

1.0 

LSB 

Integral Linearity Error 










f = 8kHz 


+25°C 


0.0025 

0.004 


0.0015 

0.0025 

% FSR 



Full 


0.003 

0.006 


0.002 

0.003 

% FSR 

Spurious Free Dynamic Range (SFDR) 










f = 8kHz (-IdBFS Input) 


+25°C 

88 

94 


100 

102 


dBFS 



Full 

85 

92 


97 

100 


dBFS 

f= 1.0MHz (-IdBFS Input) 


+25°C 

85 

88 


90 

92 


dBFS 



Full 

82 

86 


87 

90 


dBFS 

Two-Tone Intermodulation Distortion 










f = 1 .0 and 1 .1 MHz (-7dB each tone) 


+25°C 


-88 



-91 


dBFS 



Full 


-86 



-90 


dBFS 

Signal-to-Noise Ratio (SNR) 










f = 8kHz (-IdBFS Input) 


+25°C 

86 

91 


90 

93 


dB 



Full 

85 

91 


89 

93 


dB 

f = 1 .0MHz (-IdBFS Input) 


+25°C 

84 

88 


87 

91 


dB 



Full 

83 

87 


86 

90 


dB 

SINAD 










f = 8kHz (-IdBFS Input) 


+25°C 

85 

90 


89 

92 


dB 



Full 

84 

90 


88 

92 


dB 

f= 1.0MHz (-IdBFS Input) 


+25°C 

84 

89 


87 

91 


dB 



Full 

83 

88 


86 

90 


dB 

Output Noise 

Input Grounded 

+25°C 


1 



* 


LSBrms 

Aperture Delay Time 


+25°C 


5 



* 


ns 

Aperture Jitter 

Analog Input Bandwidth (-3dB) 


+25°C 


5 





ps rms 

Small Signal 

-20dB Input 

+25°C 


30 



* 


MHz 

Full Power 

OdB Input 

+25°C 


5 



* 


MHz 

Overload Recovery Time 

2x Full Scale Input 

+25°C 


2 



* 


\is 

OUTPUTS 










Logic Family 



TTL/HCT Compatible 


* 



Logic Coding 

Logic Selectable 


SOB or COB 


* 



Logic Levels 










Logic “LO” 


Full 

0 


0.5 

* 


* 

V 

Logic “HI” 


Full 

4 

4.9 


* 

* 


V 

3-State Enable/Disable Time 


Full 


10 

25 


* 

* 

ns 


n^=n 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS 













For Immediate Assistance, Contact Your Local Salesperson 

SPECIFIC ATIONS(CONT) 


T a = +25°C, +V S = +5V, -V s = -5.2V, ±2.5V Input Range, Sampling Rate = 2.5MHz unless otherwise noted. 


PARAMETER 

CONDITIONS 

TEMPERATURE 

ADS703H 

ADS703HB 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

POWER SUPPLY REQUIREMENTS 










Supply Voltages: +V S 

Operating 

Full 

+4.75 

+5.0 

+5.25 

* 

* 

* 

V 

-V s 


Full 

-5.46 

-5.2 

-4.94 

* 

* 

* 

V 

Supply Currents: +l s 

Operating 

Full 


200 



* 


mA 

-l s 


Full 


300 



* 


mA 

Power Consumption 


Full 


2.75 

2.9 


* 

* 

W 

0JC 




TBD 



* 


°C/W 

0ja 

Still Air 



TBD 



* 


°C/W 


ABSOLUTE MAXIMUM RATINGS 


+V S +6V 

-V s 0.3V to -6V 

Logic Inputs OV to -5.5V 

Junction Temperature +165°C 

Storage Temperature -65°C to +165°C 

Lead Temperature (soldering, 10s) +300°C 


NOTE: Stresses above these ratings may permanently damage the device. 


PIN CONFIGURATION 


Top View 


Bit 1 

1 

Bit 2 

2 

Bit 3 

3 

Bit 4 

4 

Bit 5 

5 

Bit 6 

6 

Bit 7 

7 

Bit 8 

8 

Bit 9 

9 

Bit 10 

10 

Bit 11 

11 

Bit 12 

RT 

Bit 13 

13 

Bit 14 

E 

Bit 15 

Ijl 

Bit 16 

\K 

No Internal Connection 

E 

No Internal Connection 

E 

Over/Underrange 

E 

Convert Command 

[20" 


DIP 


40~| 

GND 

39~| 

Analog Input 

38~| 

+5V 


GND 

36 | 

-5V 

35] 

Reference Input 

34j 

Reference Output 

33] 

Ref (Gain) Adjust 

32] 

GND 


Offset Adjust 

~30~j 

+5V 

29] 

GND 

28] 

-5V 

3 

| — 5 V 

26] 

GND 

3 

+5V 

El 

Test/Trim Enable 

23] 

— 1 

Polarity Control 

22 

OUTPUT ENABLE 

E 

GND 


PACKAGING INFORMATION™ 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

ADS703H, HB 

40-Pin, 0.5" Wide Hermetic DIP 

214 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


ADS703 H ( ) 

Basic Model Number — — 

Package Code 

Performance Grade Code 

No letter or “B” = -40°C to +70°C Ambient Temperature 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet its published 
specifications. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 


Burr-Brown IC Data Book-Data Conversion Products 




2.168 

























TIMING DIAGRAM 


Or, Call Customer Service at 1-800-548-6132 ( USA Only) 
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, 
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s ss 
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Mill 
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SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

^CONV 

Convert Command Period 

400 



ns 

*DV 

Data Valid After Convert Command 

200 

250 


ns 

tx 

Data Valid Time Before Convert Command 

50 

150 


ns 

^CCH 

Convert Command Pulse Width High 

20 


tcONV “ 20 

ns 

tcCL 

Convert Command Pulse Width Low 

20 


tcONV “ 20 

ns 


NOTE: The timescale applies for a 1 0MHz conversion rate. The indicates the part of the timing waveform that 
will "stretch out" at slower conversion rates. 


fra 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS 



For Immediate Assistance, Contact Your Local Salesperson 


ADS704 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 

18-Bit 500kHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES APPLICATIONS 

• HIGH SPURIOUS-FREE DYNAMIC RANGE 
lOOdB AT Nyquist 

• HIGH SNR: 96dB 

• NO MISSING CODES AT 18 BITS 

• LOW NONLINEARITY: ±0.0015% 

• PIN CONSISTENT WITH ADS610, ADS703: 

(14-Bit 10MHz, 16-Bit 2.5MHz) 

• ±2.5V ANALOG INPUT RANGE 

• LOW POWER: 2.75Watts 

• SMALL HERMETIC PACKAGE: 0.6" x 2.0" 

DESCRIPTION 

The ADS704 is a very high speed, highly integrated 1 8- ADS703 ( 1 6-bit 2.5MHz) sampling ADC’ s, allowing 
bit sampling A/D converter. It is designed for superior the user to choose easily between speed and resolution, 
linearity, low noise and wideband spectral performance. A convenient TTL-compatible logic interface is pro- 

The ADS704 is a three-step subranging design contain- vided. 

ing a quantizer, sample/hold amplifier, voltage refer- A demonstration board (DEM-ADS704) is available 
ence and timing circuitry in a slim 40-pin package. It is for quick evaluation, 

pin consistent with the ADS6 10(1 4-bit 1 0MHz) and the 



International Airport Industrial Park < Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 

BURR -BROWN® 


• MEDICAL IMAGING 

• SPECTRUM ANALYZERS 

• IR SPECTROMETERS 

• CCD IMAGING 

• ULTRASOUND SIGNAL PROCESSING 

• SONAR SIGNAL PROCESSING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH SPEED DATA ACQUISITION 
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PDS-1263 











Or, Call Customer Service at 1-800-548-6132 (USA Only) 

SPECIFICATIONS 


T a = +25°C, +V S = +5V, — V s = -5.2V, ±2.5V Input Range, Sampling Rate = 500kHz unless otherwise noted. 





ADS704H 

ADS704HB 


PARAMETER 

CONDITIONS 

TEMPERATURE 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 





18 




Bits 

TEMPERATURE RANGE: H, HB 

^AMBIENT 


-A0 


+85 

* 


* 

°C 

ANALOG INPUT 

Full Scale Input Range 



-2.5 


+2.5 

* 


* 

V 

Input Impedance 



0.3 x 1 0 12 || 

2 


* 


nil PF 

DIGITAL INPUTS 










Logic Family 



TTL/HCT Compatible 


* 



Start Conversion 



Convert Command Rising Edge 


* 



Convert Command Pulse Width 

t = Conversion Period 


10 


t -20 

* 


* 

ns 1 

CONVERSION CHARACTERISTICS 

Sample Rate 


Full 

DC 


500k 

* 


* 

Samples/s 

Data Latency 




1 



* 

C 

invert Cycle 

DC ACCURACY 

Gain Error 


Full 


0.3 

0.7 


0.2 

0.5 

%FSR 

Input Offset 


Full 


0.4 

0.7 


0.2 

0.5 

%FSR 

Power Supply Rejection 

A +V S = 5% 

Full 


±0.03 

±0.07 


* 

* 

%FSR/% 


A-V s = 5% 

Full 


±0.01 

±0.07 


* 

* 

%FSR/% 

DYNAMIC CHARACTERISTICS 










No Missing Codes 


+25°C 

C 

guarantee 

j 

Guaranteed 




Full 


Typical 


Guaranteed 


Differential Linearity Error 










f = 8kHz 


+25°C 


0.8 

1.5 


0.6 

1.0 

LSB 



Full 


0.8 

1.5 


0.7 

1.0 

LSB 

f = 250kHz 


+25°C 


0.9 

1.5 


0.7 

1.0 

LSB 



Full 


0.9 

1.5 


0.8 

1.0 

LSB 

Integral Linearity Error 










f = 8kHz 


+25°C 


0.0025 

0.004 


0.0015 

0.0025 

%FSR 



Full 


0.003 

0.006 


0.002 

0.003 

%FSR 

Spurious Free Dynamic Range (SFDR) 










f = 8kHz (-IdBFS Input) 


+25°C 

88 

94 


100 

102 


dBFS 



Full 

85 

92 


97 

100 


dBFS 

f = 250kHz (-IdBFS Input) 


+25°C 

85 

88 


90 

92 


dBFS 



Full 

82 

86 


87 

90 


dBFS 

Two-Tone Intermodulation Distortion 










f = 200 and 210kHz (-7dB each tone) 


+25°C 


-88 



-91 


dBFS 



Full 


-86 



-90 


dBFS 

Signal-to-Noise Ratio (SNR) 










f = 8kHz (-IdBFS Input) 


+25°C 

90 

93 


91 

96 


dB 



Full 

85 

91 


89 

94 


dB 

f = 250kHz (-IdBFS Input) 


+25°C 

87 

90 


90 

92 


dB 



Full 

84 

89 


87 

91 


dB 

SINAD 










f = 8kHz (-IdBFS Input) 


+25°C 

85 

90 


89 

92 


dB 



Full 

84 

90 


88 

92 


dB 

f = 250kHz (-IdBFS Input) 


+25°C 

84 

89 


87 

91 


dB 



Full 

83 

88 


86 

90 


dB 

Output Noise 

Input Grounded 

+25°C 


2 



* 


LSBrms 

Aperture Delay Time 


+25°C 


5 



* 


ns 

Aperture Jitter 

Analog Input Bandwidth (-3dB) 


+25°C 


5 





ps rms 

Small Signal 

-20dB Input 

+25°C 


6 



* 


MHz 

Full Power 

OdB Input 

+25°C 


1 



* 


MHz 

Overload Recovery Time 

2x Full Scale Input 

+25°C 


2 



* 


US 

OUTPUTS 










Logic Family 



TTL/HCT Compatible 


* 



Logic Coding 

Logic Selectable 


SOB or COB 


* 



Logic Levels 










Logic “LO” 

l Q L<3.2mA 

Full 

0 


0.5 

* 


* 

V 

Logic “HI” 

Ioh<M-A 

Full 

4.0 

4.9 


* 

* 


V 

3-State Enable/Disable Time 


Full 


10 

25 


* 

* 

ns 

POWER SUPPLY REQUIREMENTS 

Supply Voltages: +V S 

Operating 

Full 

+4.75 

+5.0 

+5.25 

* 

* 

* 

V 

-V s 


Full 

-5.46 

-5.2 

-4.94 

* 

* 

* 

V 

Supply Currents: +l s 

Operating 

Full 


150 



* 


mA 

_l s 


Full 


425 



* 


mA 

Power Consumption 


Full 


2.75 

2.9 


* 

* 

W 

0jc 




TBD 



* 


°C/W 

$JA 

Still Air 



TBD 



* 


°C/W 
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS 








For Immediate Assistance, Contact Your Local Salesperson 


ABSOLUTE MAXIMUM RATINGS 


+V S +6V 

-V s 0.3V to -6V 

Logic Inputs OV to -5.5V 

Junction Temperature +165°C 

Storage Temperature -65°C to +165°C 

Lead Temperature (soldering, 10s) +300°C 


NOTE: Stresses above these ratings may permanently damage the device. 

PIN CONFIGURATION 

Top View DIP 


Bit 1 |T 


4o]GND 

Bit 2 | 2 


39 | Analog Input 

Bit 3 | 3 


38 | +5V 

Bit 4 | 4 


37 |GND 

Bit 5 | 5 


36 | -5V 

Bit 6 | 6 


35 | Reference Input 

Bit 7 | 7 


34 | Reference Output 

Bit 8 | 8 
Bit 9 [~9~ 


33 | Ref (Gain) Adjust 
32~|GND 

Bit 10 


31 | Offset Adjust 

Bit 1 1 [TT 


30~|+5V 

Bit 12 |j7 


29~|GND 

Bit 13 [icT 
Bit 14 |jZ 
Bit 15 [ifT 
Bit 16 [~16~ 
Bit 1 7 [~17~ 


28] -5V 

27] -5V 

26~jGND 
~25~| +5V 

^ 4 ] Test/Trim Enable 

Bit 18 [TIT 


23 | Polarity Control 

Over/Underrange 1 19 


22 | Output Enable 

Convert Command 1 20 


~21~| GND 


PACKAGING INFORMATIONS) 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

ADS704H, HB 

40-Pin, 0.6" Wide Hermetic DIP 

214 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


ADS704 H ( ) 

Basic Model Number 

Package Code 

Performance Grade Code 

No letter or “B” = -40°C to +70°C Ambient Temperature 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet its published 
specifications. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TIMING DIAGRAM 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 
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r 
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1 
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I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

l CONV 

Convert Command Period 

2000 



ns 

tcCH 

Convert Command Pulse Width High 

20 


tcONV -20 

ns 

tcCL 

Convert Command Pulse Width Low 

20 


tcONV-20 

ns 

l DV 

Data Valid After Convert Command 

800 

1250 


ns 

tx 

Data Valid Before Convert Command 

400 

750 


ns 


BURR -BROWN ® 
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BURR - BROWN 0 


ADS774 




Microprocessor-Compatible Sampling 
CMOS ANALOG-to-DIGITAL CONVERTER 


FEATURES 


• COMPATIBLE WITH ADC574, ADC674 AND 
ADC774 SOCKETS 

• COMPLETE SAMPLING A/D WITH 
REFERENCE, CLOCK AND 
MICROPROCESSOR INTERFACE 

• FAST ACQUISITION AND CONVERSION: 
8.5jns max OVER TEMPERATURE 

• ELIMINATES EXTERNAL SAMPLE/HOLD 
IN MOST APPLICATIONS 

• GUARANTEED AC AND DC PERFORMANCE 

• SINGLE +5V SUPPLY OPERATION 

• LOW POWER: 120mW max 

• PACKAGE OPTIONS: 0.6" and 0.3" DIPs, 


DESCRIPTION 

The ADS774 is a 12-bit successive approximation 
analog-to-digital converter using an innovative 
capacitor array (CDAC) implemented in low-power 
CMOS technology. This is a drop-in replacement for 
ADC574, ADC674, and ADC774 models in most 
applications, with internal sampling, much lower power 
consumption, and the ability to operate from a single 
+5V supply. 

The ADS774 is complete with internal clock, micro- 
processor interface, three-state outputs, and internal 
scaling resistors for input ranges of 0V to +10V, 0V to 
+20V, ±5V, or ±10V. The maximum throughput time 
is 8. 5 jus over the full operating temperature range, 
including both acquisition and conversion. 

Complete user control over the internal sampling func- 
tion facilitates elimination of external sample/hold 
amplifiers in most existing designs. 

The ADS774 is available in both commercial (0°C to 
+70°C) and military (-55°C to +125°C) ranges, and 
requires +5V, with -15V optional. No +15V supply is 
required. Available packages include 0.3" or 0.6" wide 
28-pin plastic or hermetic ceramic DIPs, and 28-pin 
SOICs. 


20V Range o — 
1 0V Range o — 

2.5V Reference 
Input ° 

2.5V Reference 
Output ° 


T T 

O P O I O Q \Q 


Successive 

Approximation 

Register 


2.5V 

Reference 
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PDS-1109D 










Or, Call Customer Service at 1-800-548-6132 ( USA Only) 

SPECIFICATIONS 


ELECTRICAL 

T a = T MIN to ^max . V DD = +5V, V EE = -15V to +5V, sampling frequency of 117kHz, f (N = 10kHz; unless otherwise specified. 



ADS774JE/JH/JP/JU/SF/SH/D 

ADS774KE/KH/KP/KU/TF/TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 



* 

Bits 

INPUTS I 

ANALOG 








Voltage Ranges: Unipolar 



0 to +10, 0 to +20 



V 

Bipolar 



±5, 

±10 



V 

Impedance: Oto+IOV, ±5V 

8.5 

12 


* 



kQ 

±10V, 0V to +20V 

35 

50 


* 



kO 

DIGITAL (CE, CS, R/C, A 0 , 12/8) 

Voltages: Logic 1 

+2.0 


+5.5 

* 


* 

V 

Logic 0 

-0.5 


+0.8 

* 


* 

V 

Current 

-5 

0.1 

+5 

* 

* 

* 

pA 

Capacitance 


5 



* 


PF 

TRANSFER CHARACTERISTICS | 

DC ACCURACY 

At +25°C 








Linearity Error 



±1 



±1/2 

LSB 

Unipolar Offset Error (adjustable to zero) 



±2 



* 

LSB 

Bipolar Offset Error (adjustable to zero) 



±10 



±4 

LSB 

Full-Scale Calibration Error (1) 



±0.25 



* 

% of FS < 2 > 

(adjustable to zero) 








No Missing Codes Resolution 

T min t0 T max (3) 

12 



12 



Bits 

Linearity Error: A, J, K Grades 



±1 



±1/2 

LSB 

S, T Grades 



±1 



±3/4 

LSB 

Full-Scale Calibration Error: A, J, K Grades 



±0.47 



±0.37 

% of FS 

S, T Grades 



±0.75 



±0.5 

% of FS 

Unipolar Offset: A, J, K Grades 



±4 



±3 

LSB 

S, T Grades 



±4 



±3 

LSB 

Bipolar Offset: A, J, K Grades 



±12 



±5 

LSB 

S, T Grades 



±14 



±6 

LSB 

No Missing Codes Resolution 

12 



12 



Bits 

AC ACCURACY < 4 > 

Spurious Free Dynamic Range 

73 

78 


76 

* 


dB 

Total Harmonic Distortion 


-77 

-72 


* 

-75 

dB 

Signal-to-Noise Ratio 

69 

72 


71 

* 


dB 

Signal-to-(Noise + Distortion) Ratio 

68 

71 


70 

* 


dB 

Intermodulation Distortion 


-75 



* 



(F |N1 = 20kHz, F |N2 = 23kHz) 








TEMPERATURE COEFFICIENTS < 5 > 

Unipolar Offset 


±1 



* 


ppm/°C 

Bipolar Offset 


±2 



* 


ppm/°C 

Full-Scale Calibration 


±12 



* 


ppm/°C 

POWER SUPPLY SENSITIVITY 

Change in Full-Scale Calibration' 6 ) 








+4. 75V < V DD < +5. 25V 

Max Change: J, K Grades 



±1/2 



* 

LSB 

S, T Grades 



±1 



* 

LSB 

CONVERSION TIME (Including Acquisition Time) 
t AQ + t c at 25°C: 








8-Bit Cycle 


5.5 

5.9 


* 

* 

[IS 

12-Bit Cycle 


7.5 

8 


* 

* 

[IS 

12-Bit Cycle, T MIN to T MAX : 


8 

8.5 




ps 


IMS 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = T MIN to T max , V DD = +5V, V EE = -1 5V to +5V, sampling frequency of 1 17kHz, f IN = 1 0kHz; unless otherwise specified. 



ADS774JE/JH/JP/JU/SF/SH/D 

ADS774KE/KH/KP/KU/TF/TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

SAMPLING DYNAMICS | 

Sampling Rate at 25°C 

125 



* 



kHz 

T M,N t0 T max 

Aperture Delay, t AP 

117 






kHz 

With V EE = +5V 


20 



* 


ns 

With V EE = 0V to -15V 

Aperture Uncertainty (Jitter) 


1.6 





ps 

With V EE = +5V 


300 



* 


ps, rms 

With V EE = 0V to -15V 


10 



* 


ns,rms 

Settling time to 0.01% for 


1.4 



* 


ps 

Full-Scale Input Change 








OUTPUTS | 

DIGITAL (DB^ - DB 0 , STATUS) 








Output Codes: Unipolar 



Unipolar Straight Binary (USB) 



Bipolar 



Bipolar Offset Binary (BOB) 



Logic Levels: Logic 0 (l SINK = 1.6mA) 



+0.4 



* 

V 

1 ('source = 500pA) 

+2.4 



* 



V 

Leakage, Data Bits Only, High-Z State 

-5 

0.1 

+5 

* 

* 

* 

pA 

Capacitance 


5 





PF 

INTERNAL REFERENCE VOLTAGE 

Voltage 

+2.4 

+2.5 

+2.6 

* 


, 

V 

Source Current Available for External Loads 

0.5 



* 



mA 

POWER SUPPLY REQUIREMENTS 

Voltage: V EE < 7 > 

-16.5 


Voo 

* 


* 

V 

V Dd 

+4.5 


+5.5 

* 


* 

V 

Current: l EE < 7 > (V EE = -15V) 


-1 



* 


mA 

'do 


+15 

+24 


* 

* 

mA 

Power Dissipation (T MIN to T MAX ) 








(V EE = 0V to +5V) 


75 

120 


* 


mW 

TEMPERATURE RANGE 

Specification: J, K Grades 

0 


+70 



* 

°C 

S, T Grades 

-55 


+125 




°C 

Operating: J, K Grades 

^0 


+85 



* 

°C 

S, T Grades 

-55 


+125 

* 


* 

°C 

Storage Temperature Range 

-65 


+150 

* 



°C 


*Same specification as ADS774JE/JH/JP/JU/SF/SH. 

NOTES: (1) With fixed 500 resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C. (2) FS in this specification table means Full Scale 
Range. That is, for a ±10V input range, FS means 20V; for a 0 to +10V range, FS means 10V. (3) Maximum error at T MIN and T MAX . (4) Based on using V EE = +5V, 
which is the Control Mode. See the section "S/H Control Mode and ADC774 Emulation Mode." (5) Using internal reference. (6) This is worst case change in accuracy 
from accuracy with a +5V supply. (7) V EE is optional, and is only used to set the mode for the internal sample/hold. When V EE = -15V, l EE = -1mA typ; when V EE 
= 0V, l EE = ±5pA typ; when V EE = +5V, l EE = +1 67pA typ. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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ABSOLUTE MAXIMUM RATINGS 



+V nn to -16.5V 

V DD to Digital Common 

OV to +7V 

Analog Common to Digital Common 

±1V 

Control Inputs (CE, CS, A 0 , 12/8, R/C) 

-0.5V to V DD +0.5V 

Analog Inputs (Ref In, Bipolar Offset, 10V IN 
to Analog Common 

+16.5V 

±24V 

Ref Out 

.. Indefinite Short to Common, 


Momentary Short to V D0 

Max Junction Temperature 

+1 65°C 

Power Dissipation 

1 0OOmW 

1 «ad Temperature (soldering 10s) 

... +300°C 

Thermal Resistance, 0 JA : Ceramic DIPs 

50°C/W 

Plastic DIPs 

100°C/W 

SOIC 

100°C/W 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS774JE 

28-pin 0.3" Plastic DIP 

246 

ADS774KE 

28-pin 0.3" Plastic DIP 

246 

ADS774JH 

28-pin 0.6" Ceramic DIP 

149 

ADS774KH 

28-pin 0.6" Ceramic DIP 

149 

ADS774JP 

28-pin 0.6" Plastic DIP 

215 

ADS774KP 

28-pin 0.6" Plastic DIP 

215 

ADS774JU 

28-pin SOIC 

217 

ADS774KU 

28-pin SOIC 

217 

ADS774SF 

28-pin 0.3" Ceramic DIP 

247 

ADS774TF 

28-pin 0.3" Ceramic DIP 

247 

ADS774SH 

28-pin 0.6" Ceramic DIP 

149 

ADS774TH 

28-pin 0.6" Ceramic DIP 

149 


NOTE: (1 ) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

SINADW 

TEMPERATURE 

RANGE 

LINEARITY 

ERROR 

ADS774JE 

0.3" Plastic DIP 

68dB 

0°C to +70°C 

±1LSB 

ADS774KE 

0.3"Plastic DIP 

70dB 

0°C to +70°C 

±1/2LSB 

ADS774JH 

0.6" Ceramic DIP 

68dB 

0°C to +70°C 

±1LBB 

ADS774KH 

0.6" Ceramic DIP 

70dB 

0°C to +70°C 

±1/2LSB 

ADS774JP 

0.6" Plastic DIP 

68dB 

0°C to +70°C 

±1LSB 

ADS774KP 

0.6"Plastic DIP 

70dB 

0°C to +70°C 

±1/2LSB 

ADS774JU 

SOIC 

68dB 

0°C to +70°C 

±1LSB 

ADS774KU 

SOIC 

70dB 

0°C to +70°C 

±1/2LSB 

ADS774SF 

0.3" Ceramic DIP 

68dB 

-55°C to +1 25°C 

±1LSB 

ADS774TF 

0.3" Ceramic DIP 

70dB 

-55°C to +125°C 

±1/2LSB 

ADS774SH 

0.6" Ceramic DIP 

68dB 

-55°C to +125°C 

±1LSB 

ADS774TH 

0.6" Ceramic DIP 

70dB 

-55°C to +125°C 

±1/2LSB 


NOTE: (1) SINAD is Signal to (Noise and Distortion) expressed in dB. 
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CONNECTION DIAGRAM 


+5VDC Supply 

(Vdd) 

111 

12/8 

E 

CS 

E 

A o 

E 

R/C 

E 

CE 

E 

NC* 

E 

2.5V Ref 
Out 

E 

Analog 

Common 

E 

2.5V Ref 

E 

In 

Vee 

E 

Bipolar 

Offset 

E 

10V Range 

E 

20V Range 

ra 



27 DB11 (MSB) 


I g m - 22 DB6 

■to a> a> I 

12 1 B 

Bits m | - 2l] D B5 


S ” 17 DB1 
z — 1 

— "lil DBO(LSB) 


15 Digital 
Common 


*Not Internally Connected 


DICE INFORMATION 



M ■■■ 

■■■■■■■■■ 



PAD 

FUNCTION 

PAD 

FUNCTION 

1A, IB 

V DD 

15 

Digital Common 

2 

12/8 

16 

DB0 (LSB) 

3 

CS 

17 

DB1 

4 

Aq 

18 

DB2 

5 

R/C 

19 

DB3 

6 

CE 

20 

DB4 

7 

NC 

21 

DB5 

8 

2.5V Ref Out 

22 

DB6 

9A, 9B 

Analog Common 

23 

DB7 

10 

2.5 Ref In 

24 

DB8 

11 

V EE (Mode Control) 

25 

DB9 

12 

Bipolar Offset 

26 

DB10 

13 

10V Range 

27 

DB11 (MSB) 

14 

20V Range 

28 

Status 


Substrate Bias: +V DD 
NC: No Connection. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 
Min. Pad Size 

172 x 142 ±5 

20 ±3 

4x4 

4.37x3.61 ±0.13 
0.51 ±0.08 
0.10x0.10 

Metalization 

Aluminum 



ADS774 DIE TOPOGRAPHY 



2.178 


Burr-Brown IC Data Book — Data Conversion Products 












Spurious Free Dynamic Range, SNR, THD (dB) 


Or, Call Custom Service at 1-800-548-6132 (USA Only) 

TYPICAL PERFORMANCE CURVES 

T a = +25°C, V DD = V EE = +5V; Bipolar ±10V Input Range; sampling frequency of 110kHz; unless otherwise specified. All plots use 4096 point FFTs. 


FREQUENCY SPECTRUM (±10V, 2kHz Input) 



Input Frequency (kHz) 


SIGNAL/(NOISE + DISTORTION) vs 
INPUT FREQUENCY AND AMBIENT TEMPERATURE 



Input Frequency (kHz) 


FREQUENCY SPECTRUM (±1 0V, 20kHz Input) FREQUENCY SPECTRUM (±1 V, 20kHz Input) 



20 30 40 

50 55 

0 

10 

20 30 40 

50 55 

Input Frequency (kHz) 




Input Frequency (kHz) 



SPURIOUS FREE DYNAMIC RANGE, SNR AND THD 
vs INPUT FREQUENCY 


POWER SUPPLY REJECTION 
vs SUPPLY RIPPLE FREQUENCY 



Input Frequency (kHz) 


Supply Ripple Frequency (Hz) 


BURR - BROWN 
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THEORY OF OPERATION 

In the ADS774, the advantages of advanced CMOS technol- 
ogy — high logic density, stable capacitors, precision analog 
switches — and Burr-Brown’s state of the art laser trimming 
techniques are combined to produce a fast, low power 
analog-to-digital converter with internal sample/hold. 

The charge-redistribution successive-approximation circuitry 
converts analog input voltages into digital words. 

A simple example of a charge-redistribution A/D converter 
with only 3 bits is shown in Figure 1. 



INPUT SCALING 

Precision laser-trimmed scaling resistors at the input divide 
standard input ranges (OV to +10V, OV to +20 V, ±5V or 
±10V) into levels compatible with the CMOS characteristics 
of the internal capacitor array. 

SAMPLING 

While sampling, the capacitor array switch for the MSB 
capacitor (Sj) is in position “S”, so that the charge on the 
MSB capacitor is proportional to the voltage level of the 
analog input signal. The remaining array switches (S 2 and 
S 3 ) are set to position “G”. Switch S c is closed, setting the 
comparator input offset to zero. 

CONVERSION 

When a conversion command is received, switch S t is opened 
to trap a charge on the MSB capacitor proportional to the 
analog input level at the time of the sampling command, and 
switch S c is opened to float the comparator input. The charge 
trapped in the capacitor array can now be moved between the 
three capacitors in the array by connecting switches S } , S 2 , and 
S 3 to positions “R” (to connect to the reference) or “G” (to 
connect to GND), thus changing the voltage generated at the 
comparator input. 

During the first approximation, the MSB capacitor is con- 
nected through switch Sj to the reference, while switches S 2 
and S 3 are connected to GND. Depending on whether the 
comparator output is HIGH or LOW, the logic will then 


latch S t in position “R” or “G”. Similarly, the second 
approximation is made by connecting S 2 to the reference and 
S 3 to GND, and latching S 2 according to the output of the 
comparator. After three successive approximation steps have 
been made the voltage level at the comparator will be within 
1/2LSB of GND, and a digital word which represents the 
analog input can be determined from the positions of S p S 2 
and S 3 . 

OPERATION 

BASIC OPERATION 

Figure 2 shows the minimum connections required to oper- 
ate the ADS774 in a basic ±10V range in the Control Mode 
(discussed in detail in a later section.) The falling edge of a 
Convert Command (a pulse taking pin 5 LOW for a mini- 
mum of 25ns) both switches the ADS774 input to the hold 
state and initiates the conversion. Pin 28 (STATUS) will 
output a HIGH during the conversion, and falls only after the 
conversion is completed and the data has been latched on the 
data output pins (pins 16 to 27.) Thus, the falling edge of 
STATUS on pin 28 can be used to read the data from the 
conversion. Also, during conversion, the STATUS signal 
puts the data output pins in a High-Z state and inhibits the 
input lines. This means that pulses on pin 5 are ignored, so 
that new conversions cannot be initiated during the conver- 
sion, either as a result of spurious signals or to short-cycle 
the ADS774. 

The ADS774 will begin acquiring a new sample as soon as 
the conversion is completed, even before the STATUS 
output falls, and will track the input signal until the next 
conversion is started. The ADS774 is designed to complete 
a conversion and accurately acquire a new signal in 8.5ps 
max over the full operating temperature range, so that 
conversions can take place at a full 117kHz. 

CONTROLLING THE ADS774 

The Burr-Brown ADS774 can be easily interfaced to most 
microprocessor systems and other digital systems. The 
microprocessor may take full control of each conversion, or 
the converter may operate in a stand-alone mode, controlled 
only by the R/C input. Full control consists of selecting an 
8- or 12-bit conversion cycle, initiating the conversion, and 
reading the output data when ready — choosing either 12 bits 
all at once, or the 8 MSB bits followed by the 4 LSBJnts in 
a left-justified format. The five control inputs (12/8, CS, A 0 , 
R/C, and CE) are all TTL/CMOS-compatible. The functions 
of the control inputs are described in Table II. The control 
function truth table is shown in Table III. 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is accom- 
plished by a single control line connected to R/C. In this 
mode CS and A 0 are connected to digital common and CE 
and 12/8 are connected to +5V. The output data are 
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FIGURE 2. Basic ±10V Operation. 


presented as 12-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not 
require full bus interface capability. 

Conversion is initiated by a HIGH-to-LOW transition of 
R/C. The three-state data output buffers are enabled when 
R/C is HIGH and STATUS is LOW. Thus, there are two 
possible modes of operation; data can be read with either a 
positive pulse on R/C, or a negative pulse on STATUS. In 
either case the R/C pulse must remain LOW for a minimum 
of 25ns. 

Figure 3 illustrates timing with an R/C pulse which goes 
LOW and returns HIGH during the conversion. In this case, 
the three-state outputs go to the high-impedance state in 
response to the falling edge of R/C and are enabled for 
external access of the data after completion of the conver- 
sion. 

Figure 4 illustrates the timing when a positive R/C pulse is 
used. In this mode the output data from the previous conver- 
sion is enabled during the time R/C is HIGH. A new 
conversion is started on the falling edge of R/C, and the 
three-state outputs return to the high-impedance state until 
the next occurrence of a HIGH R/C pulse. Timing specifica- 
tions for stand-alone operation are listed in Table IV. 

FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the state 
of the A 0 input, which is latched upon receipt of a conversion 
start transition (described below). If A 0 is latched HIGH, the 
conversion continues for 8 bits. The full 12-bit conversion 


will occur if A 0 is LOW. If all 12 bits are read following an 
8-bit conversion, the 4LSBs (DB0-DB3) will be LOW 
(logic 0). A 0 is latched because it is also involved in enabling 
the output buffers. No other control inputs are latched. 

CONVERSION START 

The converter initiates a conversion based on a transition 
occurring on any of three logic inputs (CE, CS, and R/C) as 
shown in Table III. Conversion is initiated by the last of the 
three to reach the required state and thus all three may be 
dynamically controlled. If necessary, all three may change 
state simultaneously, and the nominal delay time is the same 
regardless of which input actually starts the conversion. If it 
is desired that a particular input establish the actual start of 
conversion, the other two should be stable a minimum of 
50ns prior to the transition of the critical input. Timing 
relationships for start of conversion timing are illustrated in 
Figure 5. The specifications for timing are contained in 
Table V. 

The STATUS output indicates the current state of the con- 
verter by being in a high state only during conversion. 
During this time the three state output buffers remain in a 
high-impedance state, and therefore data cannot be read 
during conversion. During this period additional transitions 
of the three digital inputs which control conversion will be 
ignored, so that conversion cannot be prematurely termi- 
nated or restarted. However, if A 0 changes state after the 
beginning of conversion, any additional start conversion 
transition will latch the new state of A 0 , possibly resulting in 
an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 


mm 
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Binary (BIN) Output 


Input Voltage Range and LSB Values 

Analog Input Voltage Range 

Defined As: 

+10V 

±5V 

o 

< 

o 

+ 

o 

< 

0V to +20V 

One Least Significant Bit 

FSR 

20V 

10V 

10V 

20V 

(LSB) 

2 n 

2 n 

2 n 

2 n 

2 n 


n = 8 

78.1 3m V 

39.06mV 

39.06mV 

78.13mV 


n = 12 

4.88mV 

2.44mV 

2.44mV 

4.88mV 

Output Transition Values 

FFE h to fff h 

+ Full-Scale Calibration 

+10V-3/2LSB 

+5V - 3/2LSB 

+10V - 3/2LSB 

+20V - 3/2LSB 

7FFF h to 800 h 

Midscale Calibration (Bipolar Offset) 

0V-1/2LSB 

0V-1/2LSB 

+5V-1/2LSB 

+10V- 1/2LSB 

000 H to 001 H 

Zero Calibration ( - Full-Scale Calibration) 

-10V+ 1/2LSB 

-5V+1/2LSB 

0V +1/2LSB 

0 V +1/2LSB 


TABLE I. Input Voltages, Transition Values, and LSB Values. 


DESIGNATION 

DEFINITION 

FUNCTION 

CE (Pin 6) 

Chip Enable 
(active high) 

Must be HIGH (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a 
conversion. 

CS (Pin 3) 

Chip Select 
(active low) 

Must be LOW (“0”) to either initiate a conversion or read output data. 1 -0 edge may be used to initiate a 
conversion. 

R/C (Pin 5) 

Read/Convert 
(“1” = read) 

(“0” = convert) 

Must be LOW (“0”) to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a conversion. 
Must be HIGH (“1”) to read output data. 0-1 edge may be used to initiate a read operation. 

A 0 (Pin 4) 

Byte Address 

Short Cycle 

In the start-convert mode, A 0 selects 8-bit (A 0 = “1”) or 12-bit (A 0 = “0”) conversion mode. When reading 
output data in two 8-bit bytes, A 0 = “0” accesses 8 MSBs (high byte) and A 0 = “1 ” accesses 4 LSBs and 
trailing “0s” (low byte). 

12/8 (Pin 2) 

Data Mode Select 
(“1”= 12 bits) 

(“0” = 8 bits) 

When reading output data, 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0” will enable the 
MSBs or LSBs as determined by the A 0 line. 


TABLE II. Control Line Functions. 


CE 

CS 

R/C 

12/8 

A 0 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

T 

0 

0 

X 

0 

Initiate 12-bit conversion 

T 

0 

0 

X 

1 

Initiate 8-bit conversion 

1 

4- 

0 

X 

0 

Initiate 1 2-bit conversion 

1 

4- 

0 

X 

1 

Initiate 8-bit conversion 

1 

0 

4, 

X 

0 

Initiate 12-bit conversion 

1 

0 

4 

X 

1 

Initiate 8-bit conversion 

1 

0 

1 

1 

X 

Enable 1 2-bit output 

1 

0 

1 

0 

0 

Enable 8 MSBs only 

1 

0 

1 

0 

1 

Enable 4 LSBs plus 4 
trailing zeroes 


TABLE III. Control Input Truth Table. 


READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: R/C HIGH, STATUS 
LOW, CE HIGH, and CS LOW. Upon satisfaction of these 
conditions the data lines are enabled according to the state of 
inputs 12/8 and A 0 . See Figure 6 and Table V for timing 
relationships and specifications. 

In most applications the 12/8 input will be hard- wired in 
either the HIGH or LOW condition, although it is fully TTL 
and CMOS-compatible and may be actively driven if de- 
sired. When 12/8 is HIGH, all 12 output lines (DB0-DB1 1) 
are enabled simultaneously for full data word transfer to a 
12-bit or 16-bit bus. In this situation the A 0 state is ignored 
when reading the data. 


When 12/8 is LOW, the data is presented in the form of two 
8-bit bytes, with selection of the byte of interest accom- 
plished by the state of A 0 during the read cycle. When A 0 is 
LOW, the byte addressed contains the 8MSBs. When A Q is 
HIGH, the byte addressed contains the 4LSBs from the 
conversion followed by four logic zeros which have been 
forced by the control logic. The left-justified formats of the 
two 8-bit bytes are shown in Figure 7. Connection of the 
ADS774 to an 8-bit bus for transfer of the data is illustrated 
in Figure 8. The design of the ADS774 guarantees that the 
A 0 input may be toggled at any time with no damage to the 
converter; the outputs which are tied together in Figure 8 
cannot be enabled at the same time. The A 0 input is usually 
driven by the least significant bit of the address bus, allow- 
ing storage of the output data word in two consecutive 
memory locations. 
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FIGURE 3 . R/C Pulse Low — Outputs Enabled After Conver- FIGURE 4. R/C Pulse High — Outputs Enabled Only While. 

sion. R/C Is High. I 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Lrl 

Ls 

Low R/C Pulse Width 

25 



ns 

STS Delay from R/C 



200 

ns 

VlDR 

Data Valid After R/C Low 

25 



ns 

t HRH 

High R/C Pulse Width 

100 



ns 

LdR 

Data Access Time 



150 

ns 


TABLE IV. Stand-Alone Mode Timing. (T A = T M1N to T MAX ). 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Convert Mode 







STS delay from CE 


60 

200 

ns 


CE Pulse width 

50 

30 


ns 

Lsc 

CS to CE setup 

50 

20 


ns 


CS low during CE high 

50 

20 


ns 


R/C to CE setup 

50 

o 


ns 


R/C low during CE high 

50 

20 


ns 

LaC 

A 0 to CE setup 

0 



ns 

Lac 

A 0 valid during CE high 

50 

20 


ns 

Read Mode 






Ld 

Access time from CE 


75 

150 

ns 


Data valid after CE low 

25 

35 


ns 

C 

Output float delay 


100 

150 

ns 

Lsr 

CSto CE setup 

50 

0 


ns 

Lrr 

R/C to CE setup 

0 



ns 

Lar 

A 0 to CE setup 

50 

25 


ns 

Lsr 

CS valid after CE low 

0 



ns 

Lrr 

R/C high after CE low 

0 



ns 

Lar 

A 0 valid after CE low 

50 



ns 

Ls 

STATUS delay after data valid 

75 

150 

' 

375 

ns 


TABLE V. Timing Specifications, Fully Controlled Operation. (T A = T MIN to T MAX ). 



FIGURE 6. Read Cycle Timing. 


FIGURE 5. Conversion Cycle Timing. 
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FIGURE 8. Connection to an 8-Bit Bus. 


S/H CONTROL MODE 

AND ADC774 EMULATION MODE 

The Emulation Mode allows the ADS774 to be dropped into 
most existing ADC774 sockets without changes to other 
system hardware or software. In existing sockets, the analog 
input is held stable during the conversion period so that 
accurate conversions can proceed, but the input can change 
rapidly at any time before the conversion starts. The Emula- 
tion Mode uses the stability of the analog input during the 
conversion period to both acquire and convert in a maximum 
of 8ps (8.5ps over temperature.) In fact, system throughput 
can be increased, since the input to the ADS774 can start 
slewing before the end of a conversion (after the acquisition 
time), which is not possible with existing ADC774s. 

The Control Mode is provided to allow full use of the 
internal sample/hold, eliminating the need for an external 
sample/hold in most applications. As compared with sys- 
tems using separate sample/hold and A/D, the ADS774 in 
the Control Mode also eliminates the need for one of the 
control signals, usually the convert command. The com- 
mand that puts the internal sample/hold in the hold state 
also initiates a conversion, reducing timing constraints in 
many systems. 

The basic difference between these two modes is the 
assumptions about the state of the input signal both before 
and during the conversion. The differences are shown in 
Figure 9 and Table VI. In the Control Mode, it is assumed 
that during the required 1.4ps acquisition time the signal is 
not changing faster than the ADS774 can track. No assump- 


tion is made about the input level after the convert command 
arrives, since the input signal is sampled and conversion 
begins immediately after the convert command. This means 
that a convert command can also be used to switch an input 
multiplexer or change gains on a programmable gain ampli- 
fier, allowing the input signal to settle before the next 
acquisition at the end of the conversion. Because aperture 
jitter is minimized in the Control Mode, a high input fre- 
quency can be converted without an external sample/hold. 

In the Emulation Mode, a delay time is introduced between 
the convert command and the start of conversion to allow the 
ADS774 enough time to acquire the input signal before 
converting. This increases the effective aperture delay time 
from 0.02ps to 1 .6ps, but allows the ADS774 to replace the 
ADC774 in most circuits without additional changes. In 
designs where the input to the ADS774 is changing rapidly 
in the 200ns prior to a convert command, system perfor- 
mance may be enhanced by delaying the convert command 
by 200ns. 

When using the ADS774 in the Emulation Mode to replace 
existing converters in current designs, a sample/hold ampli- 
fier often precedes the converter. In these cases, no addi- 
tional delay in the convert command will be needed. The 
existing sample/hold will not be slewing excessively when 
going from the sample mode to the hold mode prior to a 
conversion. 

In both modes, as soon as the conversion is completed the 
internal sample/hold circuit immediately begins slewing to 
track the input signal. 
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INSTALLATION 

LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not con- 
nected together internally in the ADS774, but should be 
connected together as close to the unit as possible and to an 
analog common ground plane beneath the converter on the 
component side of the board. In addition, a wide conductor 
pattern should run directly from pin 9 to the analog supply 
common, and a separate wide conductor pattern from pin 15 
to the digital supply common. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and pin 15 should still be 
connected together at the converter. A single wide conductor 
pattern then connects these two pins to the system common. 
In either case, the common return of the analog input signal 
should be referenced to pin 9 of the ADC. This prevents any 
voltage drops that might occur in the power supply common 
returns from appearing in series with the input signal. 

The speed of the ADS774 requires special caution regarding 
whichever input pin is unused. For 10V input ranges, pin 14 
(20V Range) must be unconnected, and for 20V input 
ranges, pin 13 (10V Range) must be unconnected. In both 
cases, the unconnected input should be shielded with ground 
plane to reduce noise pickup. 


In particular, the unused input pin should not be connected 
to any capacitive load, including high impedance switches. 
Even a few pF on the unused pin can degrade acquisition 
time. 

Coupling between analog input and digital lines should be 
minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external full scale and offset potentiometers are used, the 
potentiometers and associated resistors should be as close asi 
possible to the ADS774. I 

POWER SUPPLY DECOUPLING 

On the ADS774, +5V (to Pin 1) is the only power supply 
required for correct operation. Pin 7 is not connected inter- 
nally, so there is no problem in existing ADC774 sockets 
where this is connected to +15V. Pin 11 (V EE ) is only used 
as a logic input to select modes of control over the sampling 
function as described above. When used in an existing 
ADC774 socket, the -15V on pin 11 selects the ADC774 
Emulation Mode. Since pin 1 1 is used as a logic input, it is 
immune to typical supply variations. 


SYMBOL 

PARAMETER 

S/H CONTROL MODE 
(Pin 1 1 Connected to +5V) 

ADC774 EMULATION MODE 
(Pin 1 1 Connected to 0V to -15V) 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Uq + U 

Throughput Time: 









12-bit Conversions 


8 

8.5 


8 

8.5 

*is 


8-bit Conversions 


6 

6.3 


6 

6.3 

ps 

t c 

Conversion Time: 









12-bit Conversions 


6.4 



6.4 


ps 


8-bit Conversions 


4.4 



4.4 


ps 

l AQ 

Acquisition Time 


1.4 



1.4 


ps 

Up 

Aperture Delay 


20 



1600 


ns 


Aperture Uncertainty 


0.3 



10 


ns 


TABLE VI. Conversion Timing, T MIN to T MAX . 


r/c Jjr 

1 

1 

, 1 

1 

t c - *■ 

Up 


S/H Control Mode Signal \ 

Pin 1 1 connected to +5V. Acquisition i/ 

^ Conversion ^ 

/ Signal 
\ Acquisition 


[ AP 

t c *■ 


ADC774 Emulation Mode* Signal I \ 

Pin 1 1 connected to V FF or qround. Acquisition | / 

^ Conversion ^ 

/ Signal 
\Acquisition 

Uq 

*ln the ADC774 Emulation Mode, a con' 
allows the ADS774 enough time to acquir 

- 

vert command triggers a delay that 
e the input signal before converting. 


FIGURE 9. Signal Acquisition and Conversion Timing. 
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The +5V supply should be bypassed with a lOpF tantalum 
capacitor located close to the converter to promote noise- 
free operations, as shown in Figure 2. Noise on the power 
supply lines can degrade the converter’s performance. Noise 
and spikes from a switching power supply are especially 
troublesome. 

RANGE CONNECTIONS 

The ADS774 offers four standard input ranges: OV to +10V, 
OV to +20V, ±5V, or ±10V. Figures 10 and 11 show the 
necessary connections for each of these ranges, along with 
the optional gain and offset trim circuits. If a 10V input 
range is required, the analog input signal should be con- 
nected to pin 13 of the converter. A signal requiring a 20V 
range is connected to pin 14. In either case the other pin of 


the two is left unconnected. Pin 12 (Bipolar Offset) is 
connected either to Pin 9 (Analog Common) for unipolar 
operation, or to Pin 8 (2.5V Ref Out), or the external 
reference, for bipolar operation. Full-scale and offset adjust- 
ments are described below. 

The input impedance of the ADS774 is typically 50kQ in the 
20V ranges and 12kQ in the 10V ranges. This is signifi- 
cantly higher than that of traditional ADC774 architectures, 
reducing the load on the input source in most applications. 

INPUT STRUCTURE 

Figure 12 shows the resistor divider input structure of the 
ADS774. Since the input is driving a capacitor in the CD AC 
during acquisition, the input is looking into a high imped- 
ance node as compared with traditional ADC774 architec- 
tures, where the resistor divider network looks into a com- 
parator input node at virtual ground. 

To understand how this circuit works, it is necessary to 
know that the input range on the internal sampling capacitor 
is from OV to +3. 33V, and the analog input to the ADS774 
must be converted to this range. Unipolar 20V range can be 
used as an example of how the divider network functions. In 
20V operation, the analog input goes into pin 14. Pin 13 is 
left unconnected and pin 12 is connected to pin 9, analog 
common. From Figure 12, it is clear that the input to the 
capacitor array will be the analog input voltage on pin 14 
divided by the resistor network (42k £2 + 42kf2 II 10.5k£t). A 
20V input at pin 14 is divided to 3.33V at the capacitor 
array, while a 0V input at pin 14 gives 0V at the capacitor 
array. 

The main effect of the lOkQ internal resistor on pin 12 is to 
provide the same offset adjust response as that of traditional 
ADC774 architectures without changing the external trimpot 
values. 

SINGLE SUPPLY OPERATION 

The ADS 774 is designed to operate from a single +5V 
supply, and handle all of the unipolar and bipolar input 
ranges, in either the Control Mode or the Emulation Mode as 
described above. Pin 7 is not connected internally. This is 



FIGURE 12. ADS774 Input Structure. 
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where +12V or + 15V is supplied on traditional ADC774s. 
Pin 11, the -12V or -15V supply input on traditional 
ADC774s, is used only as a logic input on the ADS774. 
There is a resistor divider internally on pin 1 1 to reduce that 
input to a correct logic level within the ADS774, and this 
resistor will add lOmW to 15mW to the power consumption 
of the ADS774 when -15V is supplied to pin 11. To 
minimize power consumption in a system, pin 11 can be 
simply grounded (for Emulation Mode) or tied to +5V (for 
Control Mode.) 

There are no other modifications required for the ADS774 to 
function with a single +5V supply. 

CALIBRATION 

OPTIONAL EXTERNAL FULL-SCALE 
AND OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers connected 
to the ADS774 as shown in Figures 10 and 11 for unipolar 
and bipolar operation. 

CALIBRATION PROCEDURE- 
UNIPOLAR RANGES 

If external adjustments of full-scale and offset are not 
required, replace R 2 in Figure 10 with a 500 1% metal film 


resistor and connect pin 12 to pin 9, omitting the other 
adjustment components. 

If adjustment is required, connect the converter as shown in 
Figure 10. Sweep the input through the end-point transition 
voltage (OV + 1/2LSB; +1.22mV for the 10V range, +2.44mV 
for the 20V range) that causes the output code to be DB0 ON 
(HIGH). Adjust potentiometer until DBO is alternately 
toggling ON and OFF with all other bits OFF. Then adjust 
full scale by applying an input voltage of nominal full-scale 
minus 3/2LSB, the value which should cause all bits to be 
ON. This value is +9. 9963V for the 10V range and + 19.9927V 
for the 20V range. Adjust potentiometer R 2 until bits DB1-I 
DB 1 1 are ON and DBO is toggling ON and OFF. | 

CALIBRATION PROCEDURE— BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset are 
not required, replace the potentiometers in Figure 11 by 
500, 1% metal film resistors. 

If adjustments are required, connect the converter as shown 
in Figure 11. The calibration procedure is similar to that 
described above for unipolar operation, except that the offset 
adjustment is performed with an input voltage which is 
1/2LSB above the minus full-scale value (-4.9988V for the 
±5V range, -9.9976V for the ±10V range). Adjust Rj for 
DBO to toggle ON and OFF with all other bits OFF. To 
adjust full-scale, apply a DC input signal which is 3/2LSB 
below the nominal plus full-scale value (+4.9963V for ±5V 
range, +9.9927 V for ±10V range) and adjust R 2 for DBO to 
toggle ON and OFF with all other bits ON. 
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BURR - BROWN 



ADS7800 


12-Bit 3jns Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 333k SAMPLES PER SECOND 

• STANDARD ±10V AND ±5V INPUT 
RANGES 

• DC PERFORMANCE OVER TEMP: 

No Missing Codes 

1/2LSB Integral Linearity Error 
3/4LSB Differential Linearity Error 

• AC PERFORMANCE OVER TEMP: 

72dB Signal-to-Noise Ratio 

80dB Spurious-free Dynamic Range 
-80dB Total Harmonic Distortion 

• INTERNAL SAMPLE/HOLD, REFERENCE, 
CLOCK, AND 3-STATE OUTPUTS 

• POWER DISSIPATION: 215mW max 

• PACKAGE: 24-Pin Single-wide DIP 

24-Lead SOIC 


DESCRIPTION 

The ADS7800 is a complete 12-bit sampling A/D 
converter using state-of-the-art CMOS structures. It 
contains a complete 12-bit successive approximation 
A/D converter with internal sample/hold, reference, 
clock, digital interface for microprocessor control, and 
three- state output drivers. 

The ADS7800 is specified at a 333kHz sampling rate. 
Conversion time is factory set for 2.70ps max over 
temperature, and the high speed sampling input stage 
insures a total acquisition and conversion time of 3|is 
max over temperature. Precision, laser-trimmed scal- 
ing resistors provide industry-standard input ranges of 
±5V or ±10V. 

AC and DC performance are completely specified. 
Two grades based on linearity and dynamic perform- 
ance are available to provide the optimum price/per- 
formance fit in a wide range of applications. 

The 24-pin ADS7800 is available in plastic and side- 
braze hermetic 0.3" wide DIPs, and in an SOIC pack- 
age. It operates from a +5V supply and either a -12V 
or -15V supply. The ADS7800 is available in grades 
specified over 0°C to +70°C and -40°C to +85°C 
temperature ranges. 


2V 

Reference 

Out 
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SPECIFICATIONS 


ELECTRICAL 

T a = T min to T max , Sampling Frequency, f s , = 333kHz, -V s = -1 5V, V s = +5V, unless otherwise specified. 




ADS7800JP/JU/AH/D 

ADS7800KP/KU/BH 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 



* 

Bits 

ANALOG INPUT 

Voltage Ranges 



±1 0V/±5V 



* 


V 

Impedance 

±10V Range 

4.4 

6.3 

8.1 

* 

* 

* 

kn 


±5V Range 

2.9 

4.2 

5.4 

* 

* 

* 

kQ 

THROUGHPUT SPEED 

Conversion Time 

Conversion Alone 


2.5 

2.7 


. 

* 

ps 

Complete Cycle 

Acquisition + Conversion 


2.6 

3.0 


* 

* 

ps 

Throughput Rate 


333 

380 


* 

* 


kHz 

DC ACCURACY 

Full Scale Error w 




±0.50 



±0.35 

% 

Full Scale Error Drift 



6 



* 


ppm/°C 

Integral Linearity Error 




±1 



±1/2 

LSB< 2 > 

Differential Linearity Error 

No Missing Codes 



Guaranteed 

±1 


Guaranteed 

±3/4 

LSB 

Bipolar Zero (1> 




±4 



±2 

LSB 

Bipolar Zero Drift 

Power Supply Sensitivity 



1 





ppm/°C 


-16.5V <-V s < -13.5V 



±1/2 



* 

LSB 


-12.6V <-V s < -11.4V 



±1/2 



* 

LSB 


+4. 75V < V s < +5.25V 



±1 



±1/2 

LSB 

Transition Noise (3) 



0.1 



* 


LSB 

AC ACCURACY 

Spurious-Free Dynamic Range 

f IN = 47kHz 

74 

77 


77 

80 


dB (4) 

Total Harmonic Distortion 

f |N = 47kHz 


-77 

-74 


-80 

-77 

dB 

Two-tone Intermodulation Distortion 

f IN1 = 24.4kHz (-6dB) 
f |N2 = 28.5kHz (-6dB) 


-77 

-74 


-80 

-77 

dB 

Signal to (Noise + Distortion) Ratio 

f 1N = 47kHz 

67 

70 


69 

72 


dB 

Signal to Noise Ratio (SNR) 

f IN = 47kHz 

68 

71 


70 

73 


dB 

SAMPLING DYNAMICS 

Aperture Delay 



13 



* 


ns 

Aperture Jitter 



150 



* 


ps,rms 

Transient Response (5) 



130 



* 


ns 

Overvoltage Recovery < 6 > 



150 



* 


ns 

INTERNAL REFERENCE VOLTAGE 

Voltage 


1.9 

2.0 

2.1 

* 

* 

* 

V 

Source Current Available 
for External Loads 



10 





pA 

DIGITAL INPUTS 

Logic Levels 









v IL 


-0.3 


+0.8 

* 


* 

V 

V||_j 


+2.4 


+5.3 

* 


* 

V 



-5 



* 



pA 

l, H 


+5 



* 



pA 

DIGITAL OUTPUTS 









Data Format 



Parallel, 12-bit or 8-bit/4-bit 




Data Coding 




Binary Offset Binary 




V OL 

l S i NK = 1.6mA 

0.0 


+0.4 

* 


* 

V 

V OH 

'source = SOOFA 

+2.4 


+5.0 

* 


* 

V 

'leakage State) 



±0.1 

±5 


* 

* 

pA 

POWER SUPPLIES 

Rated Voltage 









-V 8 


-11.4 

-15 

-16.5 

* 

* 

* 

V 

V s (V SA and V SD ) 

Current 


+4.75 

+5.0 

+5.25 




V 

-Is 



3.5 

6 


* 

* 

mA 

's 



18 

25 


* 

* 

mA 

Power Consumption 



135 

215 


* 

* 

mW 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = T min to T max , Sampling Frequency, f s , « 333kHz, -V s = -15V, V s = +5V, unless otherwise specified. 


PARAMETER 

CONDITIONS 

ADS7800 J P/ J U/AH/D 

ADS7800KP/KU/BH 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

TEMPERATURE RANGE 









Specification 

JP/JU/KP/KU/D 

0 


+70 

* 


* 

°C 


AH/BH 

-40 


+85 

* 


* 

°c 

Operating 

JP/KP/JU/KU/D 

-40 


+85 

* 


* 

°c 

Storage 


-65 


+150 

* 


* 

°c 


* Same as specification for ADS7800JP/JU/AH. 

NOTES: (1) Adjustable to zero with external potentiometer. (2) LSB means Least Significant Bit. For ADS7800, 1LSB = 2.44mV for the ±5V range, 1LSB = 
4.88mV for the ±10V range. (3) Noise was characterized over temperature near full scale, OV, and negative full scale. 0.1 LSB represents a typical rms level 
of noise at the worst case, which was near full scale input at +125°C. (4) All specifications in dB are referred to a full-scale input, either ±1QV or ±5V. (5) For 
full-scale step input, 12-bit accuracy attained in specified time. (6) Recovers to specified performance in specified time after 2 x F s input overvoltage. 


PIN ASSIGNMENTS 


ABSOLUTE MAXIMUM RATINGS 




DESCRIPTION 

i 

INI 

±10V Analog Input. Connected to GND for±5V range. 

2 

IN2 

±5V Analog Input. Connected to GND for ±10V range. 

3 

REF 

+2 V Reference Output. Bypass to GND with 22pF to 

47pF Tantalum. Buffer for external loads. 

4 

AGND 

Analog Ground. Connect to pin 13. 

5 

Dll 

Data Bit 1 1 . Most Significant Bit (MSB). 

6 

D10 

Data Bit 10. 

7 

D9 

Data Bit 9. 

8 

D8 

Data Bit 8. 

9 

D7 

Data Bit 7 if HBE is LOW; LOW if HBE is HIGH. 

10 

D6 

Data Bit 6 if HBE is LOW; LOW if HBE is HIGH. 

11 

D5 

Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 

12 

D4 

Data Bit 4 if HBE is LOW; LOW if HBE is HIGH. 

13 

DGND 

Digital Ground. Connect to pin 4. 

14 

D3 

Data Bit 3 if HBE is LOW; Data Bit 11 if HBE is HIGH. 

15 

D2 

Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 

16 

D1 

Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. 

17 

DO 

Data Bit 0 if HBE is LOW. Least Significant Bit (LSB); 

Data Bit 8 if HBE is HIGH. 

18 

HBE 

High Byte Enable. When held LOW, data output as 12- 
bits in parallel. When held HIGH, four MSBs presented 
on pins 14-17, pins 9-12 output LOWs. Must be LOW to 
initiate conversion. 

19 

R/C 

Read/Convert. Falling edge initiates conversion when 

CS is LOW, HBE is LOW, and BUSY is HIGH. 

20 

CS 

Chip Select. Outputs in Hi-Z state when HIGH. Must be 
LOW to initiate conversion or read data. 

21 

BUSY 

Busy. Output LOW during conversion. Data valid on 
rising edge in Convert Mode. 

22 

-v s 

Negative Power Supply. -12V or -15V. Bypass to GND. 

23 

V SD 

Positive Digital Power Supply. +5V. Connect to pin 24, 
and bypass to GND. 

24 

V SA 

Positive Analog Power Supply. +5V. Connect to pin 23, 
and bypass to GND. 


-V s to ANALOG COMMON -16.5V 

V s to DIGITAL COMMON +7V 

Pin 23 (V SD ) to Pin 24 (V SA ) ±0.3V 

ANALOG COMMON to DIGITAL COMMON ±1 V 

Control Inputs to DIGITAL COMMON -0.3 to V s + 0.3V 

Analog Input Voltage ±20V 

Maximum Junction Temperature 160°C 

Internal Power Dissipation 750mW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, 0 JA : 

Plastic DIP 100°C/W 

SOIC 100°C/W 

Ceramic 50°C/W 


PIN CONFIGURATION 


Top View 

DIP/SOIC 

INI \T 


H V SA 

IN2 [7 


D V SD 

REF [7 


D - v s 

AGND [7 


7] BUSY 

Dll [7 


20| CS 

D10 (T 


T§] R/C 

D9 [7 


18] HBE 

D8 [7 


13 DO 

D7 |7 


13 01 

D6 [To 


T§] D2 

D5 [77 


73 D3 

D4 (7 


13] DGND 
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TYPICAL PERFORMANCE CURVES 

+V S = +5V, — V s = -15V, and T A = +25°C, unless otherwise noted. All plots use 1024 point FFTs. 

FREQUENCY SPECTRUM (10kHz f |N ) FREQUENCY SPECTRUM (50kHz f |N ) 



Frequency (kHz) Frequency (kHz) 


SIGNAL/(NOISE + DISTORTION) vs 
INPUT FREQUENCY AND AMBIENT TEMPERATURE 


SPURIOUS FREE DYNAMIC RANGE vs 
INPUT FREQUENCY AND AMBIENT TEMPERATURE 



Input Frequency (kHz) 


Input Frequency (kHz) 


SIGNAL/(NOISE + DISTORTION) vs 
FREQUENCY AND AMPLITUDE 



1 10 50 150 

Input Frequency (kHz) 


SPURIOUS FREE DYNAMIC RANGE vs 
INPUT FREQUENCY AND NEGATIVE SUPPLY VOLTAGE 



1 10 50 150 

Input Frequency (kHz) 
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DICE INFORMATION 



ADS7800 DIE TOPOGRAPHY 


E3 

FUNCTION 


FUNCTION 

i 

±10V Analog Input 

15 

d 2 

2 

±5V Analog Input 

16 

D, 

3 

+2V Reference Output 

17 

D 0 

4a 

Analog Ground Sense (1) 



4b 

Analog Ground (1) 



5 

D 11 (MSB) 

18 

HBE 

6 

Dio 

19 

R/E 

7 

d 9 



8 

D 8 



9 

d 7 

20 

CS 

10 

d 6 

21 

BUSY 

11 

d 5 



12 

d 4 

22 

-V 8 

13 

Digital Ground 

23 

. +V SD 

14 

d 3 

24 

V SA 


NOTE: Bond pads 4 and 5 to same pin. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 

Min. Pad Size 

136x181 ±5 

20 ±3 

4x4 

3.45x4.60 ±0.13 
0.51 ±0.08 
0.10x0.10 


ORDERING INFORMATION 



INTEGRAL 

SIGNAL-TO- 

SPECIFICATION 



LINEARITY 

(NOISE+DISTORTION) 

TEMPERATURE 


MODEL 

ERROR (LSB) 

RATIO (dB min) 

RANGE (°C) 

PACKAGE 

ADS7800JP 

±1 

67 

0 to +70 

Plastic DIP 

ADS7800KP 

±1/2 

69 

0 to +70 

Plastic DIP 

ADS7800JU 

±1 

67 

0 to +70 

Plastic SOIC 

ADS7800KU 

±1/2 

69 

0 to +70 

Plastic SOIC 

ADS7800AH 

±1 

67 

—40 to +85 

Ceramic DIP 

ADS7800BH 

±1/2 

69 

-40 to +85 

Ceramic DIP 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7800JP 

24-Pin Plastic DIP 

243 

ADS7800JP 

24-Pin Plastic DIP 

243 

ADS7800JU 

24-Pin Plastic SOIC 

239 

ADS7800KU 

24-Pin Plastic SOIC 

239 

ADS7800AH 

24-Pin Ceramic DIP 

245 

ADS7800BH 

24-Pin Ceramic DIP 

245 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

The ADS7800 is an ESD (electrostatic discharge) sensitive 
device. The digital control inputs have a special FET struc- 
ture, which turns on when the input exceeds the supply by 
1 8 V, to minimize ESD damage. However, permanent damage 
may occur on unconnected devices subject to high energy 
electrostatic fields. When not in use, devices must be stored in 
conductive foam or shunts. The protective foam should be 
discharged to the destination socket before devices are re- 
moved. 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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THEORY OF OPERATION 

The ADS7800 combines the advantages of advanced CMOS 
technology (logic density, stable capacitors, and good 
analog switches) with Burr-Brown’s proven skills in laser- 
trimmed thin-film resistors to provide a complete sampling 
analog-to-digital converter. 

A basic charge-redistribution successive approximation 
architecture converts analog input voltages into digital 
words. Figure 1 shows the operation of a simplified three 
bit charge redistribution A-to-D. Precision laser-trimmed 
scaling resistors at the input divide standard input ranges 
(±10V or ±5V for the ADS7800) into levels compatible with 
the CMOS characteristics of the internal capacitor array. 

While in the sampling mode, the capacitor array switch for 
the MSB capacitor (Sj) is in position “S”, so that the charge 
on the MSB capacitor is proportional to the voltage level of 
the analog input signal, and the remaining array switches (S 2 
and S 3 ) are set to position “R” to provide an accurate bipolar 
offset from the reference source REF. At the same time, 
switch S c is also in the closed position to auto-zero any 
offset errors in the CMOS comparator. 

When a convert command is received, switch S t is opened 
to trap a charge on the MSB capacitor proportional to the 
input level at the time of the sampling command, switches 
S 2 and S 3 are opened to trap an offset charge, and switch S c 
is opened to float the comparator input. The charge trapped 
on the capacitor array can now be moved between the three 
capacitors in the array by connecting switches S,, S 2 and S 3 
to positions “R” (to connect to REF) or “G” (to connect to 
GND) successively, changing the voltage generated at the 
comparator input node. 

The first approximation connects the MSB capacitor via 
switch Sj to REF, while switches S 2 and S 3 are connected 
to GND. Depending on whether the comparator output is 
HIGH or LOW, the logic will then latch S } in position “R” 
or “G”, and moves on to make the next approximation by 
connecting S 2 to REF and S 3 to GND. When the three 
successive approximation steps are made for this simple 
converter, the voltage level at the comparator will be within 
1/2LSB of GND, and the data output word will be based on 
reading the positions of S p S 2 and S 3 . 



FIGURE 1. 3-Bit Charge Redistribution A-to-D. 



FIGURE 2. Basic ±10V Operation. 


OPERATION 

BASIC OPERATION 

Figure 2 shows the simple hookup circuit required to operate 
the ADS7800 in a ±10V range in the Convert Mode. A 
convert command arriving on pin 19, R/C, (a pulse taking 
pin 19 LOW for a minimum of 40ns) puts the ADS7800 in 
the hold mode, and a conversion is started. Pin 21, BUSY, 
will be held LOW during the conversion, and rises only after 
the conversion is completed and the data has been trans- 
ferred to the output latches. Thus, the rising edge of the 
signal on pin 21 can be used to read the data from the 
conversion. Also, during conversion, the BUSY signal puts 
the output data lines in Hi-Z states and inhibits input lines. 
This means that pulses on pin 19 are ignored, so that new 
conversions cannot be initiated during a conversion, either 
as a result of spurious signals or to short-cycle the 
ADS7800. 

In the Read Mode, the input to pin 19 is kept normally LOW, 
and a HIGH pulse is used to read data and_ initiate a 
conversion. In this mode, the rising edge of R/C on pin 19 
will enable the output data pins, and the data from the 
previous conversion becomes valid. The falling edge then 
puts the ADS7800 in a hold mode, and initiates a new 
conversion. 

The ADS7800 will begin acquiring a new sample as soon 
as the conversion is completed, even before the BUSY 
output rises on pin 21, and will track the input signal until 
the next conversion is started, whether in the Convert Mode 
or the Read Mode. 


QUO 
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FIGURE 3. Acquisition and Conversion Timing. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


BUSY delay from R/C 


80 

150 

ns 


BUSY Low 


2.5 

2.7 

ps 


Aperture Delay 


13 


ns 

At AP 

Aperture Jitter 


150 


ps, rms 

L 

Conversion Time 


2.47 

2.70 

ps 


TABLE I. Acquisition and Conversion Timing. 


For use with an 8-bit bus, the data can be read out in two 
bytes under the control of pin 18, HBE. With a LOW input 
on pin 18, at the end of a conversion, the 8 LSBs of data 
are loaded into the latches on pins 9 through 12 and 14 
through 17. Taking pin 18 HIGH then loads the 4 MSBs on 
pins 14 through 17, with pins 9 through 12 being forced 
LOW. 

ANALOG INPUT RANGES 

The ADS7800 offers two standard bipolar input ranges: 
±10V and±5V. If a±10V range is required, the analog input 
signal should be connected to pin 1. A signal requiring a 
±5V range should be connected to pin 2. In either case, the 
other pin of the two must be grounded or connected to the 
adjustment circuits described in the section on calibration. 
(See Figures 4 and 5, or 10 and 11.) 

CONTROLLING THE ADS7800 

The ADS7800 can be easily interfaced to most microproces- 
sor-based and other digital systems. The microprocessor 
may take full control of each conversion, or the ADS7800 
may operate in a stand-alone mode, controlled only by the 
R/C input. Full control consists of initiating the conversion 
and reading the output data at user command, transmitting 
data either all 12-bits in one parallel word, or in two 8-bit 
bytes. The three control inputs (CS, R/C and HBE) are all 
TTL/CMOS compatible. The functions of the control lines 
are shown in Table II. 


CS 

R/C 

HBE BUSY 

OPERATION 

1 

X 

X 1 

None - Outputs in Hi-Z State. 

0 

lio 

0 1 

Holds Signal and Initiates Conversion. 

0 

1 

0 1 

Output Three-State Buffers Enabled once 
Conversion has Finished. 

0 

1 

1 1 

Enable Hi-Byte in 8-bit Bus Mode. 

0 

Uo 

1 1 

Inhibit Start of Conversion. 

0 

0 

1 1 

None - Outputs in Hi-Z State. 

X 

X 

X 0 

Conversion in Progress. Outputs Hi-Z 
State. New Conversion Inhibited until 
Present Conversion has Finished. 


TABLE II. Control Line Functions. 


For stand-alone operation, control of the ADS7800 is 
accomplished by a single control line connected to R/C. In 
this mode, CS and HBE are connected to GND. The output 
data are presented as 12-bit words. The stand-alone mode 
is used in systems containing dedicated input ports which 
do not require full bus interface capability. 

Conversion is initiated by a HIGH-to-LOW transition on 
R/C. The three- stat e data o utput buffers are enabled when 
R/C is HIGH and BUSY is HIGH. Thus, there are two 
possible modes of operation: conversion can be initiated 
with either positive or negative pulses. In either case, the 
R/C pulse must remain LOW a minimum of 40ns. 

Figure 6 illustrates timing when conversion is initiated by 
an R/C pulse which goes LOW and returns HIGH during the 
conversion. In this case (Convert Mode), the three-state 
outputs go into the Hi-Z state in response to the falling edge 
of R/C, and are enabled for external access of the data after 
completion of the conversion. 

Figure 7 illustrates the timing when conversion is initiated 
by a positive R/C pulse. In this mode (Read Mode), the 
output data from the previous conversion is enabled during 
the HIGH portion_of R/C. A new conversion starts on the 
falling edge of R/C, and the three-state outputs return to the 
Hi-Z state until the next occurrence of a HIGH on R/C. 

CONVERSION START 

A conversion is initiated onthe ADS7800 only by a negative 
transition occurring on R/C, as shown in Table I. No other 
combination of states or transitions will initiate a conversion. 
C onversi on is inhibited if either CS or HBE are HIGH, or 
if BUSY is LOW. CS and HBE should be stable a minimum 
of 25ns prior to the transition on R/C. Timing relationships 
for start of conversion are illustrated in Figure 8. 

The BUSY output indicates the current state of the converter 
by being LOW only during conversion. During this time the 
three-state output buffers remain in a Hi-Z state, and 
therefore data cannot be read during conversion. During this 
period, additional transitions on the three digital inputs (CS, 
R/C and HBE) will be ignored, so that conversion cannot 
be prematurely terminated or restarted. 
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INTERNAL CLOCK 

The ADS7800 has an internal clock that is factory trimmed 
to achieve a typical conversion time of 2.47ps, and a 
maximum conversion time over the full operating tempera- 
ture range of 2.7ps. No external adjustments are required, 
and with the guaranteed maximum acquisition time of 
300ns, throughput performance is assured with convert 
pulses as close as 3ps. 

READING DATA 

After conversion is initiated, the output buffers remain in a 
Hi-Z state until the following thr ee logi c conditions are 
simultaneously met: R/C is HIGH, BUSY is HIGH and CS 
is LOW. Upon satisfaction of these conditions, the data lines 
are enabled according to the state of HBE. See Figure 9 and 
Table III for timing relationships and specifications. 

CALIBRATION 

OPTIONAL EXTERNAL GAIN AND OFFSET TRIM 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers connected 
to the ADS7800 as shown in Figures 10 and 11. 

If adjustment of offset and full scale is not required, 
connections as shown in Figures 4 and 5 should be used. 




+10V o 

1 

ADS7800 

2 

Input 



FIGURE 4. ±10V Range Without Trims. 


X - 

1 

ADS7800 

±5V 0 — 

2 

Input 



FIGURE 5. ±5V Range Without Trims. 


CALIBRATION PROCEDURE 

First, trim offset, by applying at the input (pin 1 or 2) the 
mid-point transition voltage (-2.44mV for the ±10V range, 
-1 .22mV for the ±5V range.) With the ADS7800 converting 
continually, adjust potentiometer until the MSB (D1 1 on 
pin 5) is toggling alternately HIGH and LOW. 

Next adjust full scale, by applying at the input a DC input 
signal that is 3/2LSB below the nominal full scale voltage 
(+9.9927V for the ±10V range, +4.9963V for the ±5V 
range.) With the ADS7800 converting continually, adjust 
R 2 until the LSB (DO on pin 17) is toggling HIGH and LOW 
with all of the other bits HIGH. 

LAYOUT CONSIDERATIONS 

Because of the high resolution and linearity of the ADS7800, 
system design problems such as ground path resistance and 
contact resistance become very important. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The input resistance of the ADS7800 is 6.3kO or 4.2kO (for 
the ±10V and ±5V ranges respectively.) To avoid introduc- 
ing distortion, the source resistance must be very low, or 
constant with signal level. The output impedance provided 
by most op amps is ideal. 

Pins 23 (V SD ) and 24 (V SA ) are not connected internally on 
the ADS7800, to maximize accuracy on the chip. They 
should be connected together as close as possible to the unit. 


R/C 


Converter 


Acquire 




tpBC 


/ v 


X 


"V — I — ' — V 

A f quife A 


X 


IHDR ctnu tHL 


Convert 


-A- 


X 


Hi-Z State 


FIGURE 6. Convert Mode: R/C Pulse LOW — Outputs Enabled After Conversion. 

BURR -BROWN® 

roi Burr-Brown 1C Data Book — Data Conversion Products 


2.195 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS 







For Immediate Assistance, Contact Your Local Salesperson 



SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

EH 

R/C Pulse Width 

40 

10 


ns 


BUSY delay from R/C 


80 

150 

ns 


BUSY LOW 


2.5 

2.7 

MS 


Aperture Delay 


13 


ns 

^t AP 

Aperture Jitter 


150 


ps, rms 

t c 

Conversion Time 


2.47 

2.70 

M'S 

^DBE 

BUSY from End of Conversion 


100 


ns 

*DB 

BUSY Delay after Data Valid 

25 

75 

200 

ns 

t A 

Acquisition Time 


130 

300 

ns 


Throughput Time 


2.6 

3.0 

MS 

^HDR 

Valid Data Held After R/C LOW 

20 

50 


ns 

t S 

CS or HBE LOW before R/C - Falls 

25 

5 


ns 

t|_| 

CS or HBE LOW after R/C Falls 

25 

0 


ns 

kiD 

Data Valid from CS LOW, R/C HIGH, and HBE in Desired State (Load = lOOpF) 


65 

150 

ns 

^HDR 

Valid Data Held After R/C Low 

20 

50 


ns 

V 

Delay to Hi-Z State after R/C Falls or CS Rises (3kQ Pullup or Pulldown) 


50 

150 

ns 


TABLE III. Timing Specifications (T MIN to T MAX ). 


CS or A l s 

HBE 


1 


R/C 2> 

t w //• ; < , T' 11 " 1 "" 1 1 


BUSY 

^DBC 

1 

^ ata Data Valid 
Bus 

Y Hi-Z State 


p ^hdr and t H L 


FIGURE 8. Conversion Start Timing. 


Pin 24 may be slightly more sensitive than pin 23 to supply 
variations, but to maintain maximum system accuracy, both 
should be well isolated from digital supplies with wide load 
variations. 

To limit the effects of digital switching elsewhere in a 
system on the analog performance of the system, it often 
makes sense to run a separate +5V supply conductor from 
the supply regulator to any analog components requiring 
+5V, including the ADS7800. 

The V s pins (23 and 24) should be connected together and 
bypassed with a parallel combination of a 6.8|aF tantalum 
capacitor and a 0.1 pF ceramic capacitor located close to the 
converter to obtain noise-free operation. (See Figure 2.) The 
-V s pin 22 should be bypassed with a ljuF tantalum 
capacitor, again as close as possible to the ADS7800. 

Noise on the power supply lines can degrade converter 
performance, especially noise and spikes from a switching 
power supply. Appropriate supplies or filters must be used. 
The GND pins (4 and 13) are also separated internally, and 
should be directly connected to a ground plane under the 
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converter if at all possible. A ground plane is usually the best 
solution for preserving dynamic performance and reducing 
noise coupling into sensitive converter circuits. Where any 
compromises must be made, the common return of the 
analog input signal should be referenced to pin 4, AGND, 
on the ADS7800, which prevents any voltage drops that 
might occur in the power supply common returns from 
appearing in series with the input signal. 

Coupling between analog input and digital lines should be 
minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external full scale and offset potentiometers are used, the 
potentiometers and related resistors should be located as 
close to the ADS7800 as possible. 



REFERENCE BYPASS 

Pin 3 (REF) should be bypassed with a 22pF to 47 pF 
tantalum capacitor. A rated working voltage of 2V or more 
is acceptable here. This pin is used to enhance the system 
accuracy of the internal reference circuit, and is not 
recommended for driving external signals. If there are 
important system reasons for using the ADS7800 reference 
externally, the output of pin 3 must be appropriately 
buffered. 

“HOT SOCKET” PRECAUTION 

Two separate +5V V s pins, 23 and 24, are used to minimize 
noise caused by digital transients. If one pin is powered and 
the other is not, the ADS7800 may “Latch Up” and draw 
excessive current. In normal operation, this is not a problem 
because both pins will be soldered together. However, 
during evaluation, incoming inspection, repair, etc., where 
the potential of a “Hot Socket” exists, care should be taken 
to power the ADS7800 only after it has been socketed. 



FIGURE 10. ±10V Range With External Trims. 


MINIMIZING “GLITCHES” 

Coupling of external transients into an analog-to-digital 
converter can cause errors which are difficult to debug. In 
addition to the discussions earlier on layout considerations 
for supplies, bypassing and grounding, there are several 
other useful steps that can be taken to get the best analog 
performance out of a system using the ADS7800. These 
potential system problem sources are particularly important 
to consider when developing a new system, and looking for 
the causes of errors in breadboards. 

First, care should be taken to avoid glitches during critical 
times in the sampling and conversion process. Since the 
ADS7800 has an internal sample/hold function, the signal 
that puts it into the hold state (R/C going LOW) is critical, as 
it would be on any sample/hold amplifier. The R/C falling 
edge should be sharp and have minimal ringing, especially 
during the 20ns after it falls. 

Although not normally required, it is also good practice to 
avoid glitching the ADS7800 while bit decisions are being 
made. Since the above discussion calls for a fast, clean rise 
and fall on R/C, it makes sense to keep the rising edge of the 
convert pulse outside the time when bit decisions are being 
made. In other words, the convert pulse should either be 
short (under 100ns so that it transitions before the MSB 
decision), or relatively long (over 2.75(us to transition after 
the LSB decision). 



FIGURE 11. ±5V Range With External Trims. 
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Next, although the data outputs are forced into a Hi-Z state 
during conversion, fast bus transients can still be capaci- 
tively coupled into the ADS7800. If the data bus experiences 
fast transients during conversion, these transients can be 
attenuated by adding a logic buffer to the data outputs. The 
BUSY output can be used to enable the buffer. 

Naturally, transients on the analog input signal are to be 
avoided, especially at times within ±20ns of R/C going 
LOW, when they may be trapped as part of the charge on the 
capacitor array. This requires careful layout of the circuit in 
front of the ADS7800. 


Finally, in multiplexed systems, the timing on when the 
multiplexer is switched may affect the analog performance 
of the system. In most applications, the multiplexer can be 
switched as soon as R/C goes LOW (with appropriate 
delays), but this may affect the conversion if the switched 
signal shows glitches or significant ringing at the ADS7800 
input. Whenever possible, it is safer to wait until the 
conversion is completed before switching the multiplexer. 
The extremely fast acquisition time and conversion time of 
the ADS7800 make this practical in many applications. 


INPUT VOLTAGE RANGE AND LSB VALUES j 

Input Voltage Range Defined As: 


±10V 

+5V 

Analog Input Connected to Pin 


1 

2 

Pin Connected to GND 


2 

1 

One Least Significant Bit (LSB) 

FSR/2 12 

20V/2 12 

10V/2 12 



4.88mV 

2.44mV 

OUTPUT TRANSITION VALUES | 

FFE h to FFF h 

+Full Scale 

+10V-3/2LSB 

+5V-3/2LSB 



+9. 9927V 

+4. 9963V 

7FF h to 800 h 

Mid Scale 

0V-1/2LSB 

0V-1/2LSB 


(Bipolar Zero) 

-2.44mV 

-1.22mV 

o 

o 

o 

CD 

O 

o 

-Full Scale 

— 1 0V+1/2LSB 

-5V+1/2LSB 



-9.9976V 

-4.9988V 


TABLE IV. Input Voltages, Transition Values, and LSB Values. 
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Autocalibrating, 4-Channel, 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• LOW POWER: lOmW plus Power Down 

• SIGNAL-TO-(NOISE + DISTORTION) 
RATIO OVER TEMPERATURE: 

69dB min with f IN = 1kHz 

66dB min with f IN = 50kHz 

• FAST CONVERSION TIME: 8.5ps 
Including Acquisition (117kHz Sampling 
Rate) 

• DC PERFORMANCE OVER 
TEMPERATURE: 

±3/4 LSB max Total Error 
±1/4 LSB max Channel Mismatch 

• FOUR-CHANNEL INPUT MULTIPLEXER 

• SINGLE SUPPLY: +5V 

• PIN COMPATIBLE WITH ADC7802 


DESCRIPTION 

The ADS7803 is a monolithic CMOS 12-bit A/D 
converter with internal sample/hold and four-channel 
multiplexer. It is designed and tested for full dynamic 
performance with input signals to 50kHz. An 
autocalibration cycle guarantees a total unadjusted 
error within ±3/4LSB over the specified temperature 
range, eliminating the need for offset or gain adjust- 
ment. JThe_5V single-supply requirements and stan- 
dard CS, RD, and WR control signals make the part 
easy to use in microprocessor applications. Conver- 
sion results are available in two bytes through an 8-bit 
three-state output bus. 

The ADS7803 is available in a 28-pin plastic DIP and 
28-lead PLCC, fully specified for operation over the 
industrial -40°C to +85°C temperature range. 


Calibration 
Microcontroller 
and Memory 


Analog 

Multiplexer 


Capacitor Array 
Sampling ADC 


Three-State 

Input/Output 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 


2.199 


PDS-1126A 












For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS 

ELECTRICAL 


V A = V D = V REF + = 5V ±5%; V REF - = AGND = DGND = OV; CLK = 2MH z external, T A = -40°C to +85°C, after calibration at any temperature, unless otherwise specified. 




ADS7803BP/ADS7803BN 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 

Bits 

ANALOG INPUT 

Voltage Input Range 

Vr EF + = 5V, V REF - = 0V 

0 


5 

V 

Input Capacitance 



50 


PF 

On State Bias Current 



100 


nA 

Off State Bias Current 

T a = +25°C 



10 

nA 


T a = -40°C to +85°C 



100 

nA 

On Resistance Multiplexer 



2 


kQ 

Off Resistance Multiplexer 



10 


M£> 

Channel Separation 

500Hz 


92 


dB 

REFERENCE INPUT 

For Specified Performance: V REF + 

Vr EF + - V A 


5 


V 

Vref - 



0 


V 

For Derated Performance' 1 ): V REF + 


4.5 


V A 

V 

V REF - 


0 


1 

V 

Input Reference Current 

V REF + = 5V, V REF — = 0V 


10 

100 

pA 

THROUGHPUT TIMING 

Conversion Time With External Clock (Including 

CLK = 2MHz 



8.5 

M'S 

Multiplexer Settling Time and Acquisition Time) 

CLK = 1MHz 



17 

MS 


CLK = 500kHz 



34 

MS 

With Internal Clock Using Recommended 

T a = +25°C 



10 

MS 

Clock Components 

T a = -40°C to +85°C 


10 


MS 

Multiplexer Settling Time to 0.01% 



460 


ns 

Multiplexer Access Time 




20 

ns 

DC ACCURACY 

Total Error, All Channels' 2 ) 



±1/2 

±3/4 

LSB 

Differential Nonlinearity 



±1/4 

±1/2 

LSB 

No Missing Codes 



Guaranteed 



Gain Error 

All Channels 


±1/8 

±1/4 

LSB 

Gain Error Drift 

Between Calibration Cycles 


±0.2 


ppm/°C 

Offset Error 

All Channels 


±1/8 

±1/4 

LSB 

Offset Error Drift 

Between Calibration Cycles 


±0.2 


ppm/°C 

Channel-to-Channel Mismatch 




±1/4 

LSB 

Power Supply Sensitivity 

V A = V D = 4.75V to 5.25V 


±1/8 


LSB 

AC ACCURACY 

Signal-to-(Noise + Distortion) Ratio 

f, N = 1 kHz 

69 

71 


dB 


f IN = 50kHz 

66 

69 


dB 

Total Harmonic Distortion 

f IN = 50kHz 


-75 


dB 

Signal-to-Noise Ratio 

f 1N = 50kHz 


70 


dB 

Spurious Free Dynamic Range 

f IN = 1 kHz 


90 


dB 


f 1N = 50kHz 


82 


dB 

SAMPLING DYNAMICS 

Full Power Bandwidth 

-3dB 


4 


MHz 

Aperture Delay 

SFR D2 LOW 


2500 


ns 

Offset Error 

SRF D2 HIGH 


5 


ns 


SFR D2 LOW 


±1/8 

±1/4 

LSB 


SFR D2 HIGH, Internal Clock or 
Sampling Command Synchronous 


±1/2 

±1 

LSB 


to External Clock 






SFR D2 HIGH, Sampling Command 


±4 


LSB 


Asynchronous to External Clock 





DIGITAL INPUTS 

All Pins Other Than CLK: V, L 




0.8 

V 

V|R 


2.4 



V 

Input Current 

T a = +25°C, V IN = 0 toV D 



1 

pA 


T a = -40°C to +85°C, V tN = 0 toV D 



10 

pA 

CLK Input: V IL 




0.8 

V 

V, H 


3.5 



V 

l,L 




10 

pA 

l,H 




1.5 

mA 

l| H 

Power Down Mode (D3 in SFR HIGH) 



100 

nA 


NOTES: (1) For (V REF +) - (V REF -) as low as 4.5V, the total error will typically not exceed ±1 LSB. (2) After calibration cycle, without external adjustment. Includes gain 
(full scale) error, offset error, integral nonlinearity, differential nonlinearity, and drift. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. burr browisk 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

V A = V D = V REF + = 5V ±5%; V REF - = AGND = DGND = OV; CLK = 2MHz external, T A = -40°C to +85°C, after calibration at any temperature, unless otherwise specified. 




ADS7803BP/ADS7803BN 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DIGITAL OUTPUTS 

V 0 L 

l SINK = 1 .6mA 



0.4 

V 

V 0 H 

* source = 200pA 

4 



V 

Leakage Current 

High-Z State, V 0UT = 0V to V D 



±1 

pA 

Output Capacitance 

High-Z State 

4 


15 

PF 

POWER SUPPLIES 

Supply Voltage for Specified Performance: V A 


4.75 

5 

5.25 

V 

v D 

V A > V D 

4.75 

5 

5.25 

V 

Supply Current: l A 



1 

2.5 

mA 


Logic Input Pins HIGH or LOW 


1 

, 2 

mA 

Power Dissipation 

WR = RD = CS = BUSY = HIGH 


10 


mW 

Power Down Mode 

See Table III 


50 


pW 

TEMPERATURE RANGE 

Specification 


-40 


+85 

°C 

Storage 


-65 


+150 

°C 


PIN CONFIGURATIONS 



PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

ADC7803BN 

28-Pin LCC 

251 

ADS7803BP 

28-Pin Plastic DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 



ABSOLUTE MAXIMUM RATINGS 


V A to Analog Ground 6.5V 

V 0 to Digital Ground 6.5V 

Pin V A to Pin V D ±0.3V 

Analog Ground to Digital Ground ±1 V 

Control Inputs to Digital Ground -0.3V to V D + 0.3V 

Analog Input Voltage to Analog Ground -0.3V to V D + 0.3V 

Maximum Junction Temperature 150°C 

Internal Power Dissipation 875mW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, 0 JA : Plastic DIP 75°C/W 

PLCC 75°C/W 


ORDERING INFORMATION 



MINIMUM SIGNAL-TO- 


SPECIFICATION 


(NOISE + DISTORTION) 

MAXIMUM TOTAL 

TEMPERATURE 

MODEL 

RATIO, dB 

ERROR, LSB 

RANGE 

ADS7803BN 

69 

±3/4 

-40°C to +85°C 

ADS7803BP 

69 

±3/4 

-40°C to +85°C 


1^1 
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Signal/(Noise + Distortion) (dB) Channel Separation (dB) 
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TYPICAL PERFORMANCE CURVES 

V A = V D = V REF + = 5V, V REF - = AGND = OV, T A = +25°C, dynamic performance based on 2048 point FFTs , unless otherwise noted. 


FREQUENCY SPECTRUM (1kHz f, N ) 

0 

-20 

co -40 
33, 

<1) 

1 -60 

§> 

2 -80 
-100 
-120 

0 10 20 30 40 50 

Frequency (kHz) 



S/(N + D) = 71.4dB 

^ SAMPLING = 1 00kHz 


FREQUENCY SPECTRUM (48kHz f IN ) 



Frequency (kHz) 



1 10 100 Ik 

Frequency of 5Vp-p Signal on Channel AIN2 (kHz) 



0 0.25 0.5 0.75 1 


Analog Input Voltage - Expected Code Center (LSBs) 


SIGNAL/(NOISE + DISTORTION) 




0.5 1 2 3 5 10 20 3 50 0.1 1 10 100 1000 

Input Frequency (kHz) Frequency (kHz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

V A = V D = V REF + = 5V, V REF - = AGND = OV, T A = +25°C, dynamic performance based on 2048 point FFTs , unless otherwise noted. 


INTERNAL CLOCK FREQUENCY vs TEMPERATURE INTERNAL CLOCK FREQUENCY vs R CL ock 



THEORY OF OPERATION 

ADS7803 uses the advantages of advanced CMOS technol- 
ogy (logic density, stable capacitors, precision analog 
switches, and low power consumption) to provide a precise 
12-bit analog-to-digital converter with on-chip sampling and 
four-channel analog-input multiplexer. 

The input stage consists of an analog multiplexer with an 
address latch to select from four input channels. 

The converter stage consists of an advanced successive 
approximation architecture using charge redistribution on a 
capacitor network to digitize the input signal. A tempera- 
ture-stabilized differential auto-zeroing circuit is used to 
minimize offset errors in the comparator. 

Linearity errors in the binary weighted main capacitor 
network are corrected using a capacitor trim network and 
correction factors stored in on-chip memory. The correction 
terms are calculated by an on-chip microcontroller during a 
calibration cycle, initiated either by power-up or by applying 
an external calibration signal at any time. During conver- 
sion, the correct trim capacitors are switched into the main 
capacitor array as needed to correct the conversion accuracy. 
With all of the capacitors in both the main array and the trim 
array on the same chip, excellent stability is achieved, both 
over temperature and over time. 

For flexibility, timing circuits include both an internal clock 
generator and an input for an external clock to synchronize 
with external systems. Standard control signals and three- 
state input/output registers simplify interfacing ADS7803 to 
most micro-controllers, microprocessors or digital storage 
systems. 

The on-chip sampling provides excellent dynamic perfor- 
mance for input signals to 50kHz, and has a full-power -3dB 
bandwidth of 4MHz. Full control over sample-to-hold 
timing is available for applications where this is critical. 


OPERATION 

BASIC OPERATION 

Figure 1 shows the simple circuit required to operate 
ADS7803 in the Transparent Mode, convert ing a single 
input channel. A co nvert co mmand on pin 20 (WR) starts a 
conversion. Pin 22 (BUSY) will output a LOW during the 
conversion process (including sample acquisition and con- 
version), and rises only after the conversion is completed. 
The two bytes of output data can then be read using pin 18 
(RD) and pin 21 (HBE). 



FIGURE 1. Basic Operation. 


Finally, this performance is matched with the low-power 
advantages of CMOS structures to allow a typical power 
consumption of lOmW, with a 50pW power down option. 
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STARTING A CONVERSION 

A conversion is initiated on the rising edge of the WR input, 
with valid signals on AO, A1 and CS. The selected input 
channel is sampled for five clock cycles. The successive 
approximation conversion takes place during clock cycles 6 
through 17. 

Figures 2 and 3 show the full conversion sequence and the 
timing to initiate a conversion. 

A conversion can also be initiated by a rising edge on pin 26, 
if a HIGH has been written to D2 of the Special Function 
Register, as discussed below. 


CALIBRATION 

A calibration cycle is initiated automatically upon power-up 
(or after a power failure). Calibration can also be initiated by 
the user at any time by t he ris ing edge of a minimum 100ns- 
wide LOW pulse on the CAL pin (pin 26), or by setting D1 
HIGH in the Special Function Register (see SFR section). 
A calibration command will initiate a calibration cycle, 
regardless of whether a conversion is in process. During a 
calibration cycle, convert commands are ignored. 

Calibration takes 168 clock cycles, and a normal conversion 
(17 clock cycles) is added automatically. Thus, at the end of 
a calibration cycle, there is valid conversion data in the 
output registers. For maximum accuracy, the supplies and 
reference need to be stable during the calibration procedure. 
To ensure that supply voltages have settled and are stable, an 
internal timer provides a waiting period of 42,425 clock 
cycles between power-up/power-failure and the start of the 
calibration cycle. 


PIN ASSIGNMENTS 


PIN# 

NAME 

DESCRIPTION 

1 

SFR 

Special Function Register. When connected to a microprocessor address pin, allows access to special functions 
through DO to D7. See the sections discussing the Special Function Register. If not used, connect to DGND. This pin 
has an internal pull-down. 

2 to 5 

AIN0 to AIN3 

Analog inputs. Channel 0 to channel 3. 

6 

Vref+ 

Positive voltage reference input. Normally +5V. Must be <V A . 

7 

V REF - 

Negative voltage reference input. Normally 0V. 

8 

DGND 

Digital ground. DGND = 0V. 

9 

V D 

Logic supply voltage. V D = +5V. Must be <V A and applied after V A . 

10 to 17 

DO to D7 

Data Bus Input/Output Pins. Normally used to read output data. See section on SFR (Special Function Register) for 
other uses. 

When SFR is LOW, these function as follows: 

10 

D7 

Data Bit 7 if HBE is LOW; if HBE is HIGH, acts as converter status pin and is HIGH during conversion or calibration, 
goes LOW after the conversion is completed. (Acts as an inverted BUSY). 

11 

D6 

Data Bit 6 if HBE is LOW; LOW if HBE is HIGH. 

12 

D5 

Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 

13 

D4 

Data Bit 4 if HBE is LOW; LOW if HBE is HIGH. 

14 

D3 

Data Bit 3 if HBE is LOW; Data Bit 11 (MSB) if HBE is HIGH. 

15 

D2 

Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 

16 

D1 

Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. 

17 

DO 

Data Bit 0 (LSB) if HBE is LOW; Data Bit 8 if HBE is HIGH. 

18 

RD 

Read Input. Active LOW; used to read the data outputs in combination with CS and HBE. 

19 

CS 

Chip Select Input. Active LOW. 

20 

WR 

Write Input. Active LOW; used to start a new conversion and to select an analog channel via address inputs A0 and A1 
in combination with CS. The minimum WR pulse LOW width is 100ns. 

21 

HBE 

High Byte Enable. Used to select high or low data output byte in combination with CS and RD, or to select SFR. 

22 

BUSY 

BUSY is LOW during conversion or calibration. BUSY goes HIGH after the conversion is completed. 

23 

CLK 

Clock Input. For internal or external clock operation. For external clock operation, connect pin 23 to a 74HC-compatible 



clock source. For internal clock operation, connect pin 23 per the clock operation description. 

24 to 25 

AO to A1 

Address Inputs. Used to select one of four_analog input channels in combination with CS and WR. The address inputs 
are latched on the rising edge of WR or CS. 

A1 A0 Selected Channel 

LOW LOW AIN0 

LOW HIGH AIN1 

HIGH LOW AIN2 

HIGH HIGH AIN3 

26 

CAL 

(SHC) 

Calibration Input. A calibration cycle is initiated when CAL is LOW. The minimum pulse width of CAL is 1 00ns. If not 
used, connect to V D . In this case calibration is only initiated at power on, or with SFR. If D2 of the SFR is programmed 
HIGH, pin 26 will be used as an input to control the sample-to-hold timing. A rising edge on pin 26 will switch from 
sample-mode to hold-mode and initiate a conversion. This pin has an internal pull-up. 

27 

AGND 

Analog Ground. AGND = 0V. 

28 

V A 

Analog Supply. V A = +5V. Must be >V D and V REF +. 
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the most right bit in the 16-bit word). Two read operations 

Data from the ADS7803 is read in two 8-bit bytes, with the are rec i uired to transfer the Hi 8 h b y te and Low b V te - and the 

Low byte containing the 8 LSBs of data, and the High byte b y tes are Presented according to the input level on the High 

containing the 4 MSBs of data. The outputs are coded in Byte Enable pin (HBE). 

straight binary (with OV = 000 hex, 5V = FFF hex), and the The bytes can be read in either order, depending on the status 

data is presented in a right-justified format (with the LSB as of the HBE input. If HBE changes while CS and RD are 



FIGURE 2. Converter Timing. 



FIGURE 3. Write Cycle Timing (for initiating conversion or calibration). 



FIGURE 4. Read Cycle Timing. 
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LOW, the output data will change to correspond to the HBE 
input. Figure 4 shows the timing for reading first the Low 
byte and then the High byte. 

ADS7803 provides two modes for reading the conversion 
results. At power-up, the converter is set in the Transparent 
Mode. 

TRANSPARENT MODE 

This is the default mode for ADS7803. In this mode, the 
conversion decisions from the successive approximation 
register are latched into the output register as they are made. 
Thus, the High byte (the 4 MSBs) can be read after the end 
of the ninth clock cycle (five clock cycles for the mux 
settling, sample acquisition and auto-zeroing of the com- 
parator, followed by the four clock cycles for the 4MSB 
decisions.) The complete 12-bit data is available after BUSY 
has gone HIGH, or the internal status flag goes LOW (D7 
when HBE is HIGH). 

LATCHED OUTPUT MODE 

This mode is activated by writing a HIGH to DO in the 
Special Function Register with CS and WR LOW and SFR 
and HBE HIGH. (See the discussion of the Special Function 
Register below.) 

In this mode, the data from a conversion is latched into the 
output buffers only after a conversion is complete, and 
remains there until the next conversion is completed. The 
conversion result is valid during the next conversion. This 
allows the data to be read even after a new conversion is 
started, for faster system throughput. 


TIMING CONSIDERATIONS 

Table I and Figures 3 through 9 show the digital timing of 
ADS7803 under the various operating modes. All of the 
critical parameters are guaranteed over the full -40°C to 
+85 °C operating range for ease of system design. 

SPECIAL FUNCTION REGISTER (SFR) 

An internal register is available, either to determine addi- 
tional data concerning the ADS7803, or to write additional 
instructions to the converter. 

Table II shows the data in the Special Function Register that 
will be transferred to the output bus by driving HBE HIGH 
(with_SFR HIGH) and initiating a read cycle (driving RD 
and CS LOW with WR HIGH.) The Power Fail flag in the 
SFR is set when the power supply falls below about 3 V. The 
flag also means that a new calibration has been started, and 
any data written to the SFR has been lost. Thus, the ADS7803 
will again be in the Transparent Mode. Writing a LOW to 
D5 in the SFR resets the Power Fail flag. The Cal Error flag 
in the SFR is set when an overflow occurs during calibra- 
tion, which may happen in very noisy systems. It is reset by 
starting a calibration, and remains low after a calibration 
without an overflow is completed. 

Table III shows how instructions can be transferred to the 
Special Function Register by driving HBE HIGH (with SFR 
HIGH) and initiating a write cycle (driving WR and CS 
LOW with RD HIGH.) Note that writing to the SFR also 
initiates a new conversion. 


SYMBOL 

PARAMETERS 

MIN 

TYP 

MAX 

UNITS 

t. 

CS to WR Setup Time< 2 > 

0 

0 

0 

ns 

*2 

WR or CAL. Pulse Width 




ns 

*3 

CS to WR Hold Time< 2 > 

0 

0 

0 

ns 

t 4 

WR to BUSY Propagation Delay 

20 

50 

150 

ns 

t 5 

AO, A1 , HBE, SFR Valid to WR Setup Time 

0 



ns 

te 

AO, A1 , HBE, SFR Valid to WR Hold Time 

20 



ns 

t 7 

BUSY to CS Setup Time 

0 



ns 

^8 

CS to RD Setup Time* 2 ) 

0 

0 

0 

ns 

*9 

RD Pulse Width 




ns 

Lo 

CS to RD Hold Time* 2 * 

0 

0 

0 

ns 

til 

HBE, SFR to RD Setup Time 




ns 

tl2 

HBE, SFR to RD Hold Time 

0 



ns 

tl3 

RD to Valid Data (Bus Access Time)* 3 ) 


80 

150 

ns 

tl4 

RD to Hi-Z Delay (Bus Release Time)* 3 ) 


90 

180 

ns 

tl5 

RD to Hi-Z Delay For SFR* 3 ) 

20 


60 

ns 

tie 

Data Valid to WR Setup Time 




ns 

tl7 

Data Valid to WR Hold Time 

>20 



ns 

t|8 

Acquisition Time. Pin 26 LOW with D2 in SFR HIGH 

2.5 



(IS 

tl9 

Sample-to-Hold Aperture Delay. (D2 in SFR HIGH) 


5 


ns 

t20 

Delay from rising edge on pin 26 to start of conversion. 

(D2 in SFR HIGH) 



1.5 

CLK cycles 

NOTES: (1) All input control signals are specified with tR, SE = t FALL = 20ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. Data is timed from V IH , 
V| L , V 0H or V 0L . (2) The internal RD pulse is performed by a NOR wiring of CS and RD. The internal WR pulse is performed by a NOR wiring of CS and WR. 
(3) Figures 8 and 9 show the measurement circuits and pulse diagrams for testing transitions to and from Hi-Z states. 


TABLE I. Timing Specifications (CLK = 2MHz external, T A = -40°C to +85°C). 
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FUNCTION 

DESCRIPTION 

DO 

Mode Status 

If LOW, Transparent Mode enabled for 
data latches. If HIGH, latched Output 

Mode enabled. 

Dl 

CAL Flag 

If HIGH, calibration cycle in progress. 

D2 

Pin 26 Status 

If LOW, pin 26 used as input to initiate 
calibration cycle. If HIGH, pin 26 used as 
input to control sample-to-hold timing. 

D3 

Power Down Status 

If HIGH, in Power Down Mode. 

D4 


Reserved for factory use. 

D5 

POWER FAIL Flag 

If HIGH, a power supply failure has 
occurred. (Supply fell below 3V.) 

D6 

CAL ERROR Flag 

If HIGH, an overflow occurred during 
calibration. 

D7 

BUSY Flag 

If HIGH, conversion or calibration in 
progress. 

NOTE: These data are transferred to the bus when a read cycle is initiated 

with SFR and HBE HIGH. Reading the SFR with SFR HIGH and HBE LOW 

is reserved for factory use at this time, and will yield unpredictable data. 


TABLE II. Reading the Special Function Register. 


POWER DOWN MODE 

Writing a HIGH to D3 in the SFR puts the ADS7803 in the 
Power Down Mode. Power consumption is reduced to 50pW 
and D3 remains HIGH. The internal clock and analog 
circuitry are turned off, although the output registers and 
SFR can still be accessed normally. To exit Power Down 
Mode, either write a LOW to D3 in the SFR, or initiate a 
calibration by sending a LOW to the CAL pin or writing 
a HIGH to Dl. Note that if the power supply falls below 3V 
and then recovers, a calibration is automatically initiated, 
and the SFR will be reset. D3 will be LOW, and the 
ADS7803 will not be in the Power Down Mode. 

During Power Down Mode, a pulse on CS and WR will 
initiate a single conversion, then the ADS7803 will revert to 
power down. Also, writing to Dl and D3 in the SFR will 
initiate a calibration, do a single conversion and revert to the 
Power Down Mode, in 185 clock cycles. Accurate conver- 
sion results will be available in the output registers. 

The activation delay from power down to normal operation 
is included in the sampling time. No extra time is required, 
either when coming out of the Power Down Mode or when 
making a single conversion in the Power Down Mode. 



FIGURE 5. Writing to the SFR. 



SAMPLE/HOLD CONTROL MODE 

With D2 in the SFR HIGH, a rising edge input on pin 26 will 
switch the ADS7803 from sample-mode to hold-mode with 
a 5ns aperture delay. This also initiates a conversion, which 
will start within 1.5 CLK cycles. 

This mode allows full control over the sample-to-hold tim- 
ing, which is especially useful where external events trigger 
sampling timing. 

In the Sample/Hold Control Mode, pin 26 must be held 
LOW a minimum of 2.5ps between conversions to allow 
accurate acquisition of input signals. Also, offset error will 
increase in this mode, since auto-zeroing of the comparator 
is not synchronized to the sampling. Minimum offset is 
achieved by synchronizing the sampling signal to CLK, 
whether internal or external. Ideally, the sampling signal 


OPERATION 

CS/WR 

SFR/HBE 

DO 

Dl 

D2 

D3 

D5 

D4/D6/D7 

Enables Transparent Mode for Data Latches 

LOW 

HIGH 

LOW 

X 

X 

X 

X 

LOW 

Enables Latched Output Mode for Data Latches 

LOW 

HIGH 

HIGH* 1 ) 

X 

X 

X 

X 

LOW 

Initiates Calibration Cycle 

LOW 

HIGH 

X 

HIGH 

X 

X 

X 

LOW 

Activates Sample/Hold Control Mode 

LOW 

HIGH 

X 

X 

HIGH* 1 ) 

X 

X 

LOW 

Activates Power Down Mode (2) 

LOW 

HIGH 

X 

X 

X 

HIGH* 1 ) 

X 

LOW 

Resets Power Fail Flag 

LOW 

HIGH 

X 

X 

X 

X 

LOW 

LOW 

NOTES: (1) Writing a LOW here reactivates the standard mode of operation. (2) In Power Down Mode, a pulse on CS and WR will initiate a single conversion, 
then the ADS7803 will revert to power down. (3) X means it can be either HIGH or LOW without affecting this action. Writing HIGH to D4 or D6, or writing with 
SFR HIGH and HBE LOW, may result in unpredictable behavior. These modes are reserved for factory use at this time. 


TABLE III. Writing to the Special Function Register. 
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rising edge should be delayed 20ns from the falling edge of 
CLK. This will keep offset error to about 1LSB. 

In the Sample/Hold Control Mode, a LOW pulse on WR 
(with CS LOW) will not initiate a conversion, but the rising 
edge will latch the multiplexer channel according to the 
inputs on AO and Al. When changing channels, this must be 
done at least 2.5|is before pin 26 goes HIGH (to start a 
conversion.) 

CONTROL LINES 

Table IV shows the functions of the various control lines on 
the ADS7803. The use of standard CS, RD and WR control 
signals simplifies use with most microprocessors. At the 
same time, flexibility is assured by availability of status 
information and control functions, both through the SFR and 
directly on pins. 

INSTALLATION 

INPUT IMPEDANCE 

ADS7803 has a very high input impedance (input bias 
current over temperature is lOOnA max), and a low 50pF 
input capacitance. To ensure a conversion accurate to 12 
bits, the analog source must be able to charge the 50pF and 
settle within the first five clock cycles after a conversion is 
initiated. During this time, the input is also very sensitive to 


noise at the analog input, since it could be injected into the 
capacitor array. 

In many applications, a simple passive low-pass filter as 
shown in Figure 10a can be used to improve signal quality. 
In this case, the source impedance needs to be less than 5kO 
to keep the induced offset errors below 1/2LSB, and to meet 
the acquisition time of five clock cycles. The values in 
Figure 10a meet these requirements, and will maintain the 
full power bandwidth of the system. For higher source 
impedances, a buffer like the one in Figure 10b should be 
used. 

INPUT PROTECTION 

The input signal range must not exceed or V A by more 
than 0.3V. 

The analog inputs are internally clamped to V A . To prevent 
damage to the ADS7803, the current that can flow into the 
inputs must be limited to 20mA. One approach is to use an 
external resistor in series with the input filter resistor. For 
example, a lk£2 input resistor allows an overvoltage to 20V 
without damage. 

REFERENCE INPUTS 

A lOpF tantalum capacitor is recommended between V REF + 
and V REF — to insure low source impedance. These capacitors 
should be located as close as possible to the ADS7803 to 


CS 

RD 

WR 

SFR 

HBE 


BUSY 

OPERATION 

X 

X 

X 

X 

X 

oTi 

X 

Initiates calibration cycle. (See SFR section for alternate use as Sample/ 








Hold Control Mode input.) 

X 

■a- 

X 

X 

X 

X 

0 

Conversion or calibration in process. Inhibits new conversion from starting. 

1 

Efl 

X 

X 

X 

i 

X 

None. Outputs in Hi-Z State. 

0 


oTi 

0 

X 

i 

1 

Initiates conversion. 

0 


1 

0 

0 

i 

X 

Low byte conversion results output on data bus. 

0 


1 

0 

1 

i 

X 

High byte conversion results output on data bus. 

0 



■ . : . 

1 

i 

1 

Write to SFR and rising edge on WR initiates conversion. 

0 

0 



1 

i 

X 

Contents of SFR output on data bus. 

0 

i 


SB 

0 

i 

X 

Reserved for factory use. 

0 

0 


mm 

0 

i 

X 

Reserved for factory use. (Unpredictable data on data bus.) 


TABLE IV. Control Line Functions. 



FIGURE 7. Timing for Initiating Conversion in Sample/Hold Control Mode (D2 in SFR HIGH). 
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FIGURE 8. Measuring Active LOW to/from Hi-Z State. FIGURE 9. Measuring Active HIGH to/from Hi-Z State. 


reduce dynamic errors, since the reference provides packets 
of current as the successive approximation steps are carried 
out. 

Vref+ must not exceed V A . Although the accuracy is speci- 
fied with V REF + = 5V and V REF - = OV, the converter can 
function with V mF + as low as 4.5V and V REF - as high as IV. 
As long as there is at least a 4.5V difference between V REF + 
and V REF — , the absolute value of errors does not change 
significantly, so that accuracy will typically be within ±1LSB 

The power supply to the reference source needs to be 
considered during system design to prevent V^H- from 
exceeding (or overshooting) V A , particularly at power-on. 
Also, after power-on, if the reference is not stable within 
42,425 clock cycles, an additional calibration cycle may be 
needed. 

POWER SUPPLIES 

The digital and analog power supply lines to the ADS7803 
should be bypassed with lOpF tantalum capacitors as close 
to the part as possible. Although ADS7803 has excellent 
power supply rejection, even for higher frequencies, linear 
regulated power supplies are recommended. 


Care should be taken to insure that V D does not come up 
before V A , or permanent damage to the part may occur. 
Figure 1 1 shows a good supply approach, powering both V A 
and V D from a clean linear supply, with the 10£2 resistor 
between V A and V D insuring that V D comes up after V A . This 



FIGURE 10. Input Signal Conditioning. 
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FIGURE 11. Power Supply and Reference Decoupling. 


nizing the conversion clock to an external system clock is 
recommended in microprocessor applications to prevent 
beat-frequency problems. 

Note that the electrical specification tables are based on 
using an external 2MHz clock. Typically, the specified 
accuracy is maintained for clock frequencies between 0.5 
and 2.4MHz. 

INTERNAL CLOCK OPERATION 

Figure 12b shows how to use the internal clock generating 
circuitry. The clock frequency depends only on the value of 
the resistor, as shown in “Internal Clock Frequency vs 
Rclock” i* 1 the Typical Performance Curves section. 

The clock generator can operate between 100kHz and 2MHz. 
With R = lOOkO, the clock frequency will nominally be 
800kHz. The internal clock oscillators may vary by up to 
20% from device to device, and will vary with temperature, 
as shown in the typical performance curves. Therefore, use 
of an external clock source is preferred in applications where 
control of the conversion timing is critical, or where multiple 
converters need to be synchronized. 


APPLICATIONS 


is also a good method to further isolate the ADS7803 from 
digital supplies in a system with significant switching 
currents that could degrade the accuracy of conversions. 

GROUNDING 

To maximize accuracy of the ADS7803, the analog and 
digital grounds are not connected internally. These points 
should have very low impedance to avoid digital noise 
feeding back into the analog ground. The V REF - pin is used 
as the reference point for input signals, so it should be 
connected directly to AGND to reduce potential noise prob- 
lems. 

EXTERNAL CLOCK OPERATION 

The circuitry required to drive the ADS7803 clock from an 
external source is shown in Figure 12a. The external clock 
must provide a 0.8V max for LOW and a 3.5V min for 
HIGH, with rise and fall times that do not exceed 200ns. The 
duty cycle of the external clock can vary as long as the LOW 
time and HIGH time are each at least 200ns wide. Synchro- 


74HC-Compatible CLK \ To ADS7803 
Clock Source ' Pin 23 

(a) External Clock Operation 

R See Typical Performance 

+5V o AA A \ To ADS7803 Curves for R Values 
+ 7 Pin 23 vs Frequency 

(b) Internal Clock Operation 


FIGURE 12. Internal Clock Operation. 


BIPOLAR INPUT RANGES 

Figure 13 shows a circuit to accurately and simply convert 
a bipolar ±5V input signal into a unipolar 0 to 5 V signal for 
conversion by the ADS7803, using a precision, low-cost 
complete difference amplifier, INA105. 
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Figure 14 shows a circuit to convert a bipolar ±10V input 
signal into a unipolar 0 to 5 V signal for conversion by the 
ADS7803. The precision of this circuit will depend on the 
matching and tracking of the three resistors used. 

To trim this circuit for full 12-bit precision, R 2 and R 3 need 
to be adjustable over appropriate ranges. To trim, first have 
the ADS7803 converting continually and apply +9.9927V 
(+10V - 1.5LSB) at the input. Adjust R 3 until the ADS7803 
output toggles between the codes FFE hex and FFF hex. 
This makes R 3 extremely close to R^ Then, apply -9.9976V 
(-10V + 0.5LSB) at the input, and adjust R 2 until the 
ADS7803 output toggles between 000 hex and 001 hex. At 
each trim point, the current through the third resistor will be 
almost zero, so that one trim iteration will be enough in most 
cases. More iterations may be required if the op amp se- 
lected has large offset voltage or bias currents, or if the +5 V 
reference is not precise. 

This circuit can also be used to adjust gain and offset errors 
due to the components preceding the ADS7803, to match the 
performance of the self-calibration provided by the con- 
verter. 

INTERFACING TO 
MOTOROLA MICROPROCESSORS 

Figure 15 show a typical interface to Motorola microproces- 
sors, while Figure 16 shows how the result can be placed in 
register DO. 

Conversion is initiated by a write instruction decoded by the 
address decoder logic, with the lower two bits of the address 
bus selecting an ADC input channel, as follows: 

MOVE.W DO, ADC-ADDRESS 

The result of the conversion is read from the data bus by a 
read instruction to ADC-ADDRESS as follows: 



FIGURE 15. Interface to Motorola Microprocessors. 


MOVEP.W $000 (ADC-ADDRESS), DO 

This puts the 12-bit conversion result in the DO register, as 
shown in Figure 15. The address decoder must pull down 
ADC_CS AT ADC-ADDRESS to access the Low byte and 
ADC-ADDRESS +2 to access the High byte. 

INTERFACING TO INTEL MICROPROCESSORS 

Figure 17 shows a typical interface to Intel. 

A conversion is initiated by write instruction to address 
ADC_CS. Data pins DOO and DOl select the analog input 
channel. The BUSY signal can be used to generate a micro- 
processor interrupt (INT) when the conversion is completed. 

A read instruction from the ADC_CS address fetches the 
Low byte, and a read instruction from the ADC_CS address 
+2 fetches the High byte. 
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FIGURE 16. Conversion Results in Motorola Register DO. 



FIGURE 17. Interface to Intel Microprocessors. 
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BURR - BROWN 



ADS7804 

DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


12-Bit lOjis Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 


FEATURES 


• 100kHz min SAMPLING RATE 

• STANDARD +10V INPUT RANGE 

• 86dB min SINAD WITH 45kHz INPUT 

• ±1.5LSBmaxlNL 

• DNL: 12-Bits “No Missing Codes” 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 16-BIT ADS7805 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• COMPLETE WITH S/H, REF, CLOCK, ETC. 

• FULL PARALLEL DATA OUTPUT 

• lOOmW max POWER DISSIPATION 

• 28-PIN 0.3” PLASTIC DIP AND SOIC 


DESCRIPTION 

The ADS7804 is a complete 12-Bit sampling A/D 
using state-of-the-art CMOS structures. It contains a 
complete 12-Bit, capacitor-based, SAR A/D with S/H, 
reference, clock, interface for microprocessor use, and 
three-state output drivers. 

The ADS7804 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser- 
trimmed scaling resistors provide an industry- 
standard +10V input range, while the innovative de- 
sign allows operation from a single +5V supply, with 
power dissipation under lOOmW. 

The 28-pin ADS7804 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C range. 


Clock 


Successive Approximation Register and Control Logic 




-10k£i > 4kQ 


ITT 

9*9 9*? 9*9 


Comparator 


^Buffer Internal 

\ +2.5V Ref 

-A 4KQ 1 
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SPECIFICATIONS 


ELECTRICAL 

T a = -40°C to +85°C, f s = 100kHz, V DIG = V ANA = +5V, using internal reference, unless otherwise specified. 




ADS7804P/U 

ADS7804PB/UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 




Bits 

ANALOG INPUT 

Voltage Ranges 



±10V 



* 


V 

Impedance 



23 



* 


kil 

Capacitance 



35 



* 


pF 

THROUGHPUT SPEED 

Conversion Time 



5.7 

8 


* 

* 

ps 

Complete Cycle 

Acquire and Convert 



10 



* 

ps 

Throughput Rate 


100 



* 



kHz 

DC ACCURACY 

Integral Linearity Error 




±0.9 



±0.45 

LSB* 1 * 

Differential Linearity Error 




±0.9 



±0.45 

LSB 

No Missing Codes 



Guaranteed 


* 


Bits 

Transition Noise® 



0.1 



* 


LSB 

Full Scale Error® 4 * 




±0.5 



±0.25 

% 

Full Scale Error Drift 



±7 



±5 


ppm/°C 

Full Scale Error® 4 * 

Ext. 2.5000V Ref 



±0.5 



±0.25 

% 

Full Scale Error Drift 

Ext. 2.5000V Ref 


±2 



* 


ppm/°C 

Bipolar Zero Error* 3 * 




±10 



±10 

mV 

Bipolar Zero Error Drift 



±2 



* 


ppm/°C 

Power Supply Sensitivity 

+4.75V < V D < +5.25V 



±0.5 



* 

LSB 

(V D1G = V ANA = V D ) 









AC ACCURACY 

Spurious-Free Dynamic Range 

f IN = 45kHz 

80 



* 



dB* 5 * 

Total Harmonic Distortion 

f IN = 45kHz 



-80 



* 

dB 

Signal-to-(Noise+Distortion) 

f IN = 45kHz 

70 



72 



dB 

Signal-to-Noise 

f IN = 45kHz 

70 



72 



dB 

Full-Power Bandwidth® 



250 



* 


kHz 

SAMPLING DYNAMICS 

Aperture Delay 



40 



* 


ns 

Aperture Jitter 


Sufficient to meet AC specs 


* 



Transient Response 

FS Step 



2 



* 

ps 

Overvoltage Recovery* 7 * 



150 



* 


ns 

REFERENCE 

Internal Reference Voltage 


2.48 

2.5 

2.52 

* 

* 

* 

V 

Internal Reference Source Current 



1 



* 


pA 

(Must use external buffer.) 

Internal Reference Drift 



8 





ppm/°C 

External Reference Voltage Range 


2.3 

2.5 

2.7 

* 

* 

* 

V 

for Specified Linearity 

External Reference Current Drain 

Ext. 2.5000V Ref 



100 



* 

pA 

DIGITAL INPUTS 

Logic Levels 









v 1L 


-0.3 


+0.8 

* 


* 

V 

V,H 


+2.0 


V D +0.3V 

* 


* 

V 

l,L 




±10 



* 

pA 

l |H 




±10 



* 

pA 

DIGITAL OUTPUTS 









Data Format 




Parallel 12-bits 




Data Coding 



Binary Two’s Complement 



V 0 L 

l SINK = 1.6mA 



+0.4 



* 

V 

V 0 H 

^source = 500pA 

+4 



* 



V 

Leakage Current 

High-Z State, 

V<xrr = 0 V to V 0IS 



±5 




pA 

Output Capacitance 

High-Z State 



15 



15 

PF 

DIGITAL TIMING 

Bus Access Time 




83 



* 

ns 

Bus Relinquish Time 




83 



* 

ns 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = -40°C to +85°C, f s = 1 0OkHz, V DIG = V ANA = +5V, using internal reference, unless otherwise specified. 




ADS7804P/U 

ADS7804PB/UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLIES 

Specified Performance 









VdIG 

Must be < N/ ana 

+4.75 

+5 

+5.25 

* 

* 

* 

V 

V A N A 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

+ Idig 



0.3 



* 


mA 

+I ANA 



16 



* 


mA 

Power Dissipation 

f s = 100kHz 



100 




mW 

TEMPERATURE RANGE 

Specified Performance 


-40 

1 

+85 



* ' 

°C 

Derated Performance 


-55 


+125 

* 


* 

°C 

Storage 

Thermal Resistance (0 JA ) 


-65 


+150 

* 


* 

°C 

Plastic DIP 



75 



* 


°C/W 

SOIC 



75 



* 


°C/W 


NOTES: (1) LSB means Least Significant Bit. For the 12-bit, ±10V input ADS7804, one LSB is 4.88mV. (2) Typical rms noise at worst case transitions and 
temperatures. (3) As measured with fixed resistors shown in Figure 4. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes 
the effect of offset error. (5) All specifications in dB are referred to a full-scale ±10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which 
Signal-to-(Noise + Distortion) degrades to 60dB, or 1 0 bits of accuracy. (7) Recovers to specified performance after 2 x FS input overvoltage. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs: V IN ±25V 

CAP +V ANA +0.3V to AGND2 -0.3V 

REF Indefinite Short to AGND2 

Momentary Short to V ANA 

Ground Voltage Differences: DGND, AGND1, AGND2 ±0.3V 

V ANA - 7V 

V D | G toV ANA +0.3V 

V Dlfi 7V 


Digital Inputs -0.3V to +V DIG +0.3V 

Maximum Junction Temperature +165°C 

Internal Power Dissipation 825mW 

Lead Temperature (soldering, 10s) +300°C 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7804P 

Plastic DIP 

246 

ADS7804PB 

Plastic DIP 

246 

ADS7804U 

SOIC 

217 

ADS7804UB 

SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

MAXIMUM 
LINEARITY 
ERROR (LSB) 

MINIMUM 

SIGNAL-TO- 
(NOISE + 
DISTORTION) 
RATIO (dB) 

SPECIFICATION 

TEMPERATURE 

RANGE 

PACKAGE 

ADS7804P 

±0.9 

70 

-40°C to +85 °C 

Plastic DIP 

ADS7804PB 

±0.45 

72 

-40°C to +85 °C 

Plastic DIP 

ADS7804U 

±0.9 

70 

—40°C to +85 °C 

SOIC 

ADS7804UB 

±0.45 

72 

-40°C to +85°C 

SOIC 
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PIN# 

NAME 

DIGITAL 

I/O 

DESCRIPTION 

1 

V| N 


Analog Input. See Figure 7. 

2 

AGND1 


Analog Ground. Used internally as ground reference point. 

3 

REF 


Reference Input/Output. 2.2pF tantalum capacitor to ground. 

4 

CAP 


Reference Buffer Capacitor. 2.2pF tantalum capacitor to ground. 

5 

AGND2 


Analog Ground. 

6 

D15 (MSB) 

0 

Data Bit 11. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW. 

7 

D14 

0 

Data Bit 10. Hi-Z state when CS is HIGH, or when R/C is LOW. 

8 

D13 

0 

Data Bit 9. Hi-Z state when CS is HIGH, or when R/C is LOW. 

9 

D12 

0 

Data Bit 8. Hi-Z state when CS is HIGH, or when R/C is LOW. 

10 

Dll 

0 

Data Bit 7. Hi-Z state when CS is HIGH, or when R/C is LOW. 

11 

DIO 

0 

Data Bit 6. Hi-Z state when CS is HIGH, or when R/C is LOW. 

12 

D9 

0 

Data Bit 5. Hi-Z state when CS is HIGH, or when R/C is LOW. 

13 

D8 

0 

Data Bit 4. Hi-Z state when CS is HIGH, or when R/C is LOW. 

14 

DGND 


Digital Ground. 

15 

D7 

0 

Data Bit 3. Hi-Z state when CS is HIGH, or when R/C is LOW. 

16 

D6 

0 

Data Bit 2. Hi-Z state when CS is HIGH, or when R/C is LOW. 

17 

D5 

0 

Data Bit 1. Hi-Z state when CS is HIGH, or when R/C is LOW. 

18 

D4 

0 

Data Bit 0. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW. 

19 

D3 

0 

LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW. 

20 

D2 

0 

LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW. 

21 

DI 

0 

LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW. 

22 

DO (LSB) 

0 

LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW. 

23 

BYTE 

1 

Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH). 

24 

R/C 

1 

With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C 
enables the parallel output. 

25 

CS 

1 

Internally OR’d with R/C. If R/C LOW, a falling edge on CS initiates a new conversion. 

26 

BUSY 

0 

At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs 
have been updated. 

27 

^ANA 


Analog Supply Input. Nominally +5V. Decouple to ground with O.lpF ceramic and 10|aF tantalum capacitors. 

28 

VdIG 


Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be < V ANA . 


CHARACTERIZATION CURVES 

Call factory for updated data sheet which includes character- 
ization curves. 


TABLE I. Pin Assignments. 


PIN CONFIGURATION 


V,N 

AGND1 

REF 

CAP 

AGND2 


E 
[I 
E 
E 
E 

(MSB) jjT 

E 
E 
E 
E 
E 
E 
E 
E 


DIO 

D9 

D8 

D7 

D6 

D5 

D4 

DGND 




EN 

E 

E 


^ANA 

BUSY 

CS 

R/C 

BYTE 

DZ 

DZ 

DZ 

DZ 


E 

~23~j 

22 ] 

E 

20] 

[ 

~1~8~~| DO (LSB) 

jt] di 

~16~| D2 
~15~] D3 


HU 
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BASIC OPERATION 

Figure 1 shows a basic circuit to operate the ADS7804 with 
a full parallel data output. Taking R/C (pin 24) LOW for a 
minimu m of 40ns (6ps max) will initiate a conversion. 
BUSY (pin 26) will go LOW and stay LOW until the 
conversion is completed and the output registers are up- 
dated. Data will be out put in Binary Two’s Complement 
with the MSB on pin 6. BUSY going HIGH can be used to 
latch th e data. All convert commands will be ignored while 
BUSY is LOW. 

The ADS7804 will begin tracking the input signal at the end 
of the conversion. Allowing IOjlls between convert com- 
mands assures accurate acquisition of a new signal. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

STARTING A CONVERSION 

The combination of CS (pin 25) and R/C (pin 24) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7804 in the hold state and starts conversion ‘n’. BUSY 
(pin 26) will go LOW and stay LOW until conversion ‘n’ is 
completed and the internal output register has been updated. 
All new convert commands during BUSY L OW wi ll be 
ignored. CS and/or R/C must go HIGH before BUSY goes 
HIGH or a new conversion will be initiated without suffi- 
cient time to acquire a new signal. 

The ADS7804 will begin tracking the input signal at the end 
of the conversion. Allowing 10ps between convert com- 
mands assures accurate acquisition of a new signal. Refer to 


Table II for a summary of CS, R/C, and BUSY states and 
Figures 3 through 5 for timing diagrams. 

CS and R/C are internally OR’d and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If, however, it is critical that CS or 
R/C initiates conversion ‘n’, be sure the less critical input is 
LOW at least 10ns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the serial 
output mode. However, the parallel output will become 
active whenever R/C goes HIGH. Refer to the Reading 
Data section. 


CS 

R/C 

BUSY 

OPERATION 

1 

X 

X 

None. Databus is in Hi-Z state. 

i 

0 

1 

Initiates conversion “n”. Databus remains 
in Hi-Z state. 

0 

• l 

1 

Initiates conversion “n”. Databus enters Hi-Z 
state. 

0 

1 

T 

Conversion “n” completed. Valid data from 
conversion “n” on the databus. 

i 

1 

1 

Enables databus with valid data from 
conversion “n”. 

i 

1 

0 

Enables databus with valid data from 
conversion “n-l”* 1 ). Conversion n in process. 

0 

t 

0 

Enables databus with valid data from 
conversion “n-l”! 1 ). Conversion “n” in process. 

0 

0 

t 

New conversion initiated without acquisition 
of a new signal. Data will be invalid. CS and/or 
R/C must be HIGH when BUSY goes HIGH. 

X 

X 

0 

New convert commands ignored. Conversion 
“n” in process. 

NOTE: (1) See Figures 2 and 3 for constraints on data valid from 
conversion “n-1”. 


Table II. Control Line Functions for “Read” and “Convert”. 



Convert Pulse 



H-H 

40ns min 
6|js max 


FIGURE 1. Basic Operation. 
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READING DATA 

The ADS7804 outputs full or byte-reading parallel data in 
Binary Two’s Complement data output format. The parallel 
output will be active when R/C (pin 24) is HIGH and CS 
(pin 25) is LOW. Any other combination of CS and R/C will 
tri-state the parallel output. Valid conversion data can be 
read in a full parallel, 12-Bit word or two 8-bit bytes on pins 
6-13 and pins 15-22. BYTE (pin 23) can be toggled to read 
both bytes within one conversion cycle. Refer to Table III 
for ideal output codes and Figure 2 for bit locations relative 
to the state of BYTE. 




DIGITAL OUTPUT 

BINARY TWO’S COMPLEMENT 

DESCRIPTION 

ANALOG INPUT 

BINARY CODE 

HEX CODE 

Full Scale Range 

±10V 



Least Significant 
Bit (LSB) 

4.88mV 



+Full Scale 
(10V- 1 LSB) 

9.99512V 

0111 1111 1111 

7FF 

Midscale 

0V 

0000 0000 0000 

000 

One LSB below 
Midscale 

—4.88mV 

1111 1111 1111 

FFF 

-Full Scale 

-10 V 

1000 0000 0000 

800 


Table III. Ideal Input Voltages and Output Codes. 


PARALLEL OUTPUT (After a Conversion) 

After conversion ‘ n’ is co mpleted and the output registers 
have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion ‘n’ will be available on Dll -DO (pin 6-13 
and 15-18 when BYTE is LOW). BUSY going HIGH can be 
used to latch the data. Refer to Table IV and Figures 3 and 
5 for timing specifications. 


PARALLEL OUTPUT (During a Conversion) 

After conversion ‘n’ has been initiated, valid data from 
conversion ‘n-1’ can be read and will be valid up to 16ps 
after the start of conversion ‘n’. Do not attempt to read data 
from 16ps after the start of conversion ‘n’ until BUSY (pin 
26) goes HIGH; this may result in reading invalid data. 
Refer to Table IV and Figures 3 and 5 for timing specifica- 
tions. 

Note! For the best possible performance, data should not be 
read during a conversion. The switching noise of the asyn- 
chronous data transfer can cause digital feedthrough degrad-« 
ing the converter’s performance. I 

The number of control lines can be reduced by tieing CS* 
LOW while using R/C to initiate conversions and activate 
the output mode of the converter. See Figure 3. 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

t. 

Convert Pulse Width 

40 


6000 

ns 

L 

Data Valid Delay after R/C LOW 



8 

ps 

L 

BUSY Delay from R/C LOW 



65 

ns 

t 4 

BUSY LOW 



8 

M-S 

t 5 

BUSY Delay after 


220 


ns 


End of Conversion 





te 

Aperture Delay 


40 


ns 

t 7 

Conversion Time 


7.6 

8 

ps 

*8 

Acquisition Time 



2 

ps 

t9 

Bus Relinquish Time 

10 

35 

83 

ns 

fo 

BUSY Delay after Data Valid 

50 

200 


ns 


Previous Data Valid 


7.4 


ps 


after R/C LOW 





U+ te 

Throughput Time 


9 

10 

ps 

tl2 

R/C to CS Setup Time 

10 



ns 

tl3 

Time Between Conversions 

10 



ps 

t 14 

Bus Access Time 
and BYTE Delay 

10 


83 

ns 


TABLE IV. Conversion Timing. 




BYTE LOW 





BYTE HIGH 



Bit 1 1 (MSB) 

fl 

— 

^7 

Bit 3 

0 



Bit 10 

[I 

ADS7804 

22 

LOW 

Bit 2 

E 

ADS7804 

22 

Bit 4 

Bit 9 

8 


2, 

LOW 

Bit 1 

8 


21 

Bit 5 

Bit 8 



20 

LOW 

Bit 0 (LSB) 

Y 


20 

Bit 6 

Bit 7 

[ 10 



LOW 

LOW 

E 


E 

Bit 7 

Bit 6 

& 


- 

Bit 0 (LSB) 

LOW 

E 


D 

Bit 8 

Bit 5 

m 


KB 

Bit 1 

LOW 

IB 


KB 

Bit 9 

Bit 4 

m 


KB 

Bit 2 

LOW 

IB 


KB 

Bit 10 



IB 

1 

Bit 3 



IB 

1 

Bit 11 


FIGURE 2. Bit Locations Relative to State of BYTE (pin 23). 


n=n=n 
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INPUT RANGES 

The ADS7804 offers a standard ±10V input range. Figure 6 
shows the necessary circuit connections for the ADS7804 
with and without hardware trim. Offset and full scale errodb 
specifications are tested and guaranteed with the fixed resis- 
tors shown in Figure 6b. Adjustments for offset and gain are 
described in the Calibration section of this data sheet. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

The nominal input impedance of 23kf2 results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and the external resistors. 

The input resistor divider network provides inherent overvolt- 
age protection guaranteed to at leaset ±25 V. The 1% resistors 
used for the external circuitry do not compromise the accuracy 
or drift of the converter. They have little influence relative to 
the internal resistors, and tighter tolerances are not required. 

NOTE: (1 ) Full scale error includes offset and gain errors measured at both +FS 
and -FS. 

CALIBRATION 

The ADS7804 can be trimmed in hardware or software. The 
offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required, 

HARDWARE CALIBRATION 

To calibrate the offset and gain of the ADS7804, install the 
proper resistors and potentiometers as shown in Figure 6a. The 
calibration range is ±15mV for the offset and ±60mV for the 
gain. 




FIGURE 6. Circuit Diagram With and Without External Resistors. 


BURR -BROWN® 


SOFTWARE CALIBRATION 

To calibrate the offset and gain of the ADS7804 in software, 
no external resistors are required. See the No Calibration 
section for details on the effects of the external resistors. Refer 
to Table V for range of offset and gain errors with and without 
external resistors. 

NO CALIBRATION 

See Figure 6b for circuit connections. The external resistors 
shown in Figure 6b may not be necessary in some applica- 
tions. These resistors provide compensation for an internal! 
adjustment of the offset and gain which allows calibration! 
with a single supply. The nominal transfer function of the! 
ADS7804 will be bound by the shaded region seen in Figure 
7 with a typical offset of -30mV and a typical gain error of 
-1.5%. Refer to Table V for range of offset and gain errors 
with and without external resistors. 



WITH 

EXTERNAL 

RESISTORS 

WITHOUT 

EXTERNAL 

RESISTORS 

UNITS 

BPZ 

-10 < BPZ < 10 
-2 < BPZ < 2 

-45 < BPZ < 5 
-8 < BPZ < 1 

mV 

LSBs 

Gain 

Error 

-0.5 < error < 0.5 
-0.25 < error < 0.25h> 

-0.6 < error < -0.55 
-0.45 < error < -0.3h) 

% of FSR 

NOTE: (1) High Grade. 


TABLE VII. Bipolar Offset and Gain Errors With and 
Without External Resistors. 
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FIGURE 7. Full Scale Transfer Function. 


REFERENCE 

The ADS7804 can operate with its internal 2.5 V reference or 
an external reference. By applying an external reference to 
pin 5, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output on CAP 
(pin 4). 

The internal reference has an 8 ppm/°C drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±0,5% for low grade, ±0.25% for high grade). 

REF 

REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2pF capacitor should be 
connected as close to the REF pin as possible. The capacitor 
and the output resistance of REF create a low pass filter to 
bandlimit noise on the reference. Using a smaller value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. 

The range for the external reference is 2.3V to 2.7V and 
determines the actual LSB size. Increasing the reference 
voltage will increase the full scale range and the LSB size of 
the converter which can improve the SNR. 


CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
2.2pF capacitor should be placed as close to the CAP pin as 
possible to provide optimum switching currents for the 
CDAC throughout the conversion cycle and compensation 
for the output of the internal buffer. Using a capacitor any 
smaller than ljiF can cause the output buffer to oscillate and 
may not have sufficient charge for the CDAC. Capacitor 
values larger than 2.2pF will have little affect on improving 
performance. 

The output of the buffer is capable of driving up to 2mA of 
current to a DC load. DC loads requiring more than 2mA of 
current from the CAP pin will begin to degrade the linearity 
of the ADS7804. Using an external buffer will allow the 
internal reference to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance degra- 
dation of the converter. 
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SIGNAL CONDITIONING 


LAYOUT 

POWER 

For optimum performance, tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the ADS7804 uses 90% of its power for the analog 
circuitry. The ADS7804 should be considered as an analog 
component. 

The +5 V power for the A/D should be separate from the +5V 
used for the system’s digital logic. Connecting V DIG (pin 28) 
directly to a digital supply can reduce converter performance 
due to switching noise from the digital logic. For best 
performance, the +5V supply can be produced from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. If + 12V or +15 V supplies are present, a simple 
+5V regulator can be used. Although it is not suggested, if 
the digital supply must be used to power the converter, be 
sure to properly filter the supply. Either using a filtered 
digital supply or a regulated analog supply, both V DIG and 
Van a should be tied to the same +5V source. 

GROUNDING 

Three ground pins are present on the ADS7804. DGND is 
the digital supply ground. AGND2 is the analog supply 
ground. AGND1 is the ground which all analog signals 
internal to the A/D are referenced. AGND1 is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance back to the power supply. 

All the ground pins of the A/D should be tied to the analog 
ground plane, separated from the system’s digital logic 
ground, to achieve optimum performance. Both analog and 
digital ground planes should be tied to the “system” ground 
as near to the power supplies as possible. This helps to 
prevent dynamic digital ground currents from modulating 
the analog ground through a common impedance to power 
ground. 


The FET switches used for the sample hold on many CMOS 
A/D converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. The 
FET switch on the ADS7804, compared to the FET switches 
on other CMOS A/D converters, releases 5%-10% of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. The end result is a minimal 
requirement for the anti-alias filter on the front end. Any op 
amp sufficient for the signal in an application will be 
sufficient to drive the ADS7804. 

The resistive front end of the ADS7804 also provides al 
guaranteed ±25V overvoltage protection. In most cases, this| 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7804 does have tri-state outputs for the parallel 
port, but intermediate latches should be used if the bus will 
be active during conversions. If the bus is not active during 
conversion, the tri-state outputs can be used to isolate the 
A/D from other peripherals on the same bus. Tri-state 
outputs can also be used when the A/D is the only peripheral 
on the data bus. 

Intermediate latches are beneficial on any monolithic A/D 
converter. The ADS7804 has an internal LSB size of 610pV. 
Transients from fast switching signals on the parallel port, 
even when the A/D is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. The effects of this phenomenon will 
be more obvious when using the pin-compatible ADS7805 
or any of the other 1 6-bit converters in the ADS Family. This 
is due to the smaller internal LSB size of 38juV. 

APPLICATIONS 

Call factory for updated data sheet which includes standard 
DSP, microprocessor, and microcontroller interfaces. 


mm 
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ADS7805 

DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


16-Bit lOjus Sampling CMOS 
ANALOG-tO-DIGITAL CONVERTER 


FEATURES 

• 100kHz min SAMPLING RATE 

• STANDARD ±10V INPUT RANGE 

• 86dB min SINAD WITH 45kHz INPUT 

• ±1.5 LSB max INL 

• DNL: 16-bits “No Missing Codes” 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 12-BIT ADS7804 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• FULL PARALLEL DATA OUTPUT 

• lOOmW max POWER DISSIPATION 

• 28-PIN 0.3” PLASTIC DIP AND SOIC 


DESCRIPTION 

The ADS7805 is a complete 16-bit sampling A/D 
using state-of-the-art CMOS structures. It contains a 
complete 16-bit, capacitor-based, SAR A/D with S/H, 
reference, clock, interface for microprocessor use, and 
three-state output drivers. 

The ADS7805 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser- 
trimmed scaling resistors provide an industry- 
standard ±10V input range, while the innovative de- 
sign allows operation from a single +5V supply, with 
power dissipation under lOOmW. 

The 28-pin ADS7805 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C range. 
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SPECIFICATIONS 


ELECTRICAL 

T a = -40°C to +85°C, f s = 100kHz, V D|G = V ANA = +5V, using internal reference, unless otherwise specified. 




ADS7805P, U 

ADS7805PB, UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 



* 

Bits 

ANALOG INPUT 

Voltage Ranges 



±10V 



* 


V 

Impedance 



23 



* 


kQ 

Capacitance 



35 



* 


pF 

THROUGHPUT SPEED 

Conversion Time 



7.6 

8 


* 

* 

ps 

Complete Cycle 

Acquire and Convert 



10 



* 

ps 

Throughput Rate 


100 



* 



kHz 

DC ACCURACY 

Integral Linearity Error 




±3 



±1.5 

LSB* 1 * 

Differential Linearity Error 




+3, -2 



+1.5, -1 

LSB 

No Missing Codes 


15 



16 



Bits 

Transition Noised 



1.3 



* 


LSB 

Full Scale Error* 3 ' 4 ) 




±0.5 



±0.25 

% 

Full Scale Error Drift 



±7 



±5 


ppm/°C 

Full Scale Error* 34 ) 

Ext. 2.5000V Ref 



±0.5 



±0.25 

% 

Full Scale Error Drift 

Ext. 2.5000V Ref 


±2 



* 


ppm/°C 

Bipolar Zero Error* 3 ) 




±10 



* 

mV 

Bipolar Zero Error Drift 



±2 



* 


ppm/°C 

Power Supply Sensitivity 

+4.75V < V D < +5.25V 



±8 



* 

LSB 

(V D1G = V ANA = V D ) 









AC ACCURACY 

Spurious-Free Dynamic Range 

f 1N = 45kHz 

90 



96 



dB* 5 > 

Total Harmonic Distortion 

f IN = 45kHz 



-90 



-96 

dB 

Signal-to-(Noise+Distortion) 

f 1N = 45kHz 

83 



86 



dB 


-60dB Input 


30 



32 


dB 

Signal-to-Noise 

f IN = 45kHz 

83 



86 



dB 

Full-Power Bandwidth* 6 ) 



250 



* 


kHz 

SAMPLING DYNAMICS 

Aperture Delay 



40 



* 


ns 

Aperture Jitter 


Sufficient to meet AC specs 


* 



Transient Response 

FS Step 



2 



* 

ps 

Overvoltage Recovery* 7 ) 



150 



* 


ns 

REFERENCE 

Internal Reference Voltage 


2.48 

2.5 

2.52 

* 

* 

* 

V 

Internal Reference Source Current 



1 



* 


pA 

(Must use external buffer.) 

Internal Reference Drift 



8 



* 


ppm/°C 

External Reference Voltage Range 


2.3 

2.5 

2.7 

* 

* 

* 

V 

for Specified Linearity 

External Reference Current Drain 

Ext. 2.5000V Ref 



100 



* 

pA 

DIGITAL INPUTS 

Logic Levels 









V |L 


-0.3 


+0.8 

* 


* 

V 

V |H 


+2.0 


V D +0.3V 

* 


* 

V 

l,L 




±10 



* 

pA 

l,H 




±10 




pA 

DIGITAL OUTPUTS 




Parallel 

16-bits 




Data Format 



Binary Two’s Complement 



Data Coding 









Vol 

'sink = l-BmA 



+0.4 



* 

V 

Voh 

'source = 500pA 

+4 



* 



V 

Leakage Current 

High-Z State, 

V 0UT = 0 V to V D1G 



±5 




pA 

Output Capacitance 

High-Z State 



15 



15 

pF 

DIGITAL TIMING 

Bus Access Time 




83 



* 

ns 

Bus Relinquish Time 




83 



* 

ns 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 

® 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = -40°C to +85°C, f s = 100kHz, V DIG = V ANA = +5V, using internal reference, unless otherwise specified. 




j ADS7805P, U 

| ADS7805PB, UB | 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLIES 

Specified Performance 









Vdig 

Must be < V ANA 

+4.75 

+5 

+5.25 

* 

* 

* 

V 

Vana 


+4.75 

+5 

+5.25 

* 

* 

*. 

V 

Idig 



0.3 



* 


rriA 

l ANA 



16 



* 


mA 

Power Dissipation 

f s = 100kHz 



100 




mW 

TEMPERATURE RANGE 

Specified Performance 


-40 


+85 

* 


* 

°C 

Derated Performance 


-55 


+125 

* 


* 

°C 

Storage 

Thermal Resistance (0 JA ) 


-65 


+150 



• 

°C 

Plastic DIP 



75 



* 


°C/W 

SOIC 



75 



* 


°C/W. 


NOTES: (1) LSB means Least Significant Bit. For the 16-bit, ±10V input ADS7805, one LSB is 305pV. (2) Typical rms noise at worst case transitions and 
temperatures. (3) As measured with fixed resistors shown in Figure 4. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes 
the effect of offset error. (5) All specifications in dB are referred to a full-scale ±10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which 
Signal-to-(Noise + Distortion) degrades to 60dB, or 1 0 bits Of accuracy. (7) Recovers to specified performance after 2 x FS input overvoltage. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs: V IN ±25V 

CAP +V ANA +0.3V to AGND2 -0.3V 

REF Indefinite Short to AGND2, 

Momentary Short to V ANA 

Ground Voltage Differences: DGND, AGND1, AGND2 +0.3V 

V A na ™ 

V DIG toV ANA , +0-3V 

V 7V 

Digital Inputs -0.3V to +V DIG +0.3V 

Maximum Junction Temperature +165°C 

Internal Power Dissipation 825mW 

Lead Temperature (soldering, 10s) +300°C 



ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 


PACKAGE INFORMATION^ 1 ) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7805P 

Plastic DIP 

246 

ADS7805PB 

Plastic DIP 

246 

ADS7805U 

SOIC 

217 

ADS7805UB 

SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

MAXIMUM 
LINEARITY 
ERROR (LSB) 

MINIMUM 

SIGNAL-TO- 
(NOISE + 
DISTORTION) 
RATIO (dB) 

SPECIFICATION 

TEMPERATURE 

RANGE 

PACKAGE 

ADS7805P 

+3 

83 

-40°C to +85°C 

Plastic DIP 

ADS7805PB 

±1.5 

86 

-40°C to +85°C 

Plastic DIP 

ADS7805U 

±3 

83 

-40°C to +85°C 

SOIC 

ADS7805UB 

±1.5 

86 

—40 °C to +85°C 

SOIC 
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PIN# 

NAME 

DIGITAL 

I/O 

DESCRIPTION 

1 

V IN 


Analog Input. See Figure 7. 

2 

AGND1 


Analog Ground. Used internally as ground reference point. 

3 

REF 


Reference Input/Output. 2.2pF tantalum capacitor to ground. 

4 

CAP 


Reference Buffer Capacitor. 2.2pF tantalum capacitor to ground. 

5 

AGND2 


Analog Ground. 

6 

D15 (MSB) 

0 

Data Bit 15. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW. 

7 

D14 

0 

Data Bit 14. Hi-Z state when CS is HIGH, or when R/C is LOW. 

8 

D13 

0 

Data Bit 13. Hi-Z state when CS is HIGH, or when R/C is LOW. 

9 

D12 

0 

Data Bit 12. Hi-Z state when CS is HIGH, or when R/C is LOW. 

10 

Dll 

0 

Data Bit 1 1 . Hi-Z state when CS is HIGH, or when R/C is LOW. 

11 

DIO 

0 

Data Bit 10. Hi-Z state when CS is HIGH, or when R/C is LOW. 

12 

D9 

0 

Data Bit 9. Hi-Z state when CS is HIGH, or when R/C is LOW. 

13 

D8 

0 

Data Bit 8. Hi-Z state when CS is HIGH, or when R/C is LOW. 

14 

DGND 


Digital Ground. 

15 

D7 

0 

Data Bit 7. Hi-Z state when CS is HIGH, or when R/C is LOW. 

16 

D6 

o 

Data Bit 6. Hi-Z state when CS is HIGH, or when R/C is LOW. 

17 

D5 

0 

Data Bit 5. Hi-Z state when CS is HIGH, or when R/C is LOW. 

18 

D4 

0 

Data Bit 4. Hi-Z state when CS is HIGH, or when R/C is LOW. 

19 

D3 

0 

Data Bit 3. Hi-Z state when CS is HIGH, or when R/C is LOW. 

20 

D2 

0 

Data Bit 2. Hi-Z state when CS is HIGH, or when R/C is LOW. 

21 

D1 

0 

Data Bit 1 . Hi-Z state when CS is HIGH, or when R/C is LOW. 

22 

DO (LSB) 

o 

Data Bit 0. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW. 

23 

BYTE 

1 

Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH). 

24 

R/C 

1 

With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C 
enables the parallel output. 

25 

CS 

1 

Internally OR’d with R/C. If R/C LOW, a falling edge on CS initiates a new conversion. 

26 

BUSY 

0 

At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs 
have been updated. 

27 

Vana 


Analog Supply Input. Nominally +5V. Decouple to ground with 0.1 pF ceramic and 10pF tantalum capacitors. 

28 

v D1G 


Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be < V ANA . 


TABLE I. Pin Assignments. 


PIN CONFIGURATION 


V, N 

E 

28 

V DIG 

AGND1 

Ll 

iL 

Vana 

REF 

E 

26 

bUsy 

CAP 

JL 

- 

CS 

AGND2 

JL 

24 

R/C 

D15 (MSB) 

Ll 

23 

BYTE 

D14 

7 

22 

DO (LSB) 


— 

ADS7805 


D13 

E 

E 

D1 

D12 

E 

~20~] 

D2 

Dll 

E 

E 

D3 

D10 

E 

E 

D4 

D9 

E 

E 

D5 

D8 

E 

E 

D6 

DGND 

E 

E 

D7 


CHARACTERIZATION CURVES 

Call factory for updated data sheet which includes character- 
ization curves. 
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BASIC OPERATION 

Figure 1 shows a basic circuit to operate the ADS7805 with 
a full parallel data output. Taking R JC (pin 24) LOW for a 
minimu m of 40ns (7ps max) will initiate a conversion. 
BUSY (pin 26) will go LOW and stay LOW until the 
conversion is completed and the output registers are up- 
dated. Data will be out put in Binary Two’s Complement 
with the MSB on pin 6. BUSY going HIGH can be used to 
latch th e data. All convert commands will be ignored while 
BUSY is LOW. 

The ADS7805 will begin tracking the input signal at the end 
of the conversion. Allowing lOps between convert com- 
mands assures accurate acquisition of a new signal. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

STARTING A CONVERSION 

The combination of CS (pin 25) and R/C (pin 24) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7805 in the hold state and starts conversion ‘n\ BUSY 
(pin 26) will go LOW and stay LOW until conversion ‘n’ is 
completed and the internal output register has been updated. 
All new convert commands during BUSY LOW will be 
ignored. CS and/or R/C must go HIGH before BUSY goes 
HIGH or a new conversion will be initiated without suffi- 
cient time to acquire a new signal. 

The ADS7805 will begin tracking the input signal at the end 
of the conversion. Allowing 25ps between convert com- 
mands assures accurate acquisition of a new signal. Refer to 


Table II for a summary of CS, R/C, and BUSY states and 
Figures 3 through 5 for timing diagrams. 

CS and R/C are internally OR’d and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If, however, it is critical that CS or 
R/C initiates conversion ‘n’, be sure the less critical input is 
LOW at least 10ns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the serial 
output mode. However, the parallel output will become 
active whenever R/C goes HIGH. Refer to the Reading 
Data section. 


CS 

R/C 

BUSY 

OPERATION 

1 

X 

X 

None. Databus is in Hi-Z state. 

4 

0 

1 

Initiates conversion “n”. Databus remains 
in Hi-Z state. 

0 

4 

1 

Initiates conversion “n”. Databus enters Hi-Z 
state. 

0 

i 

T 

Conversion “n” completed. Valid data from 
conversion “n” on the databus. 

4 

i 

1 

Enables databus with valid data from 
conversion “n”. 

4 

i 

0 

Enables databus with valid data from 
conversion “n-l”* 1 *. Conversion n in progress. 

0 

t 

0 

Enables databus with valid data from 
conversion “n-l”* 1 ). Conversion “n” in progress. 

0 

0 

t 

New conversion initiated without acquisition 
of a new signal. Data will be invalid. CS and/or 
R/C must be HIGH when BUSY goes HIGH. 

X 

X 

0 

New convert commands ignored. Conversion 
“n” in progress. 

NOTE: (1) See Figures 3 and 4 for constraints on data valid from 
conversion “n-1". 


Table II. Control Line Functions for “Read” and “Convert”. 



Convert Pulse 



KH 

40ns min 
6ps max 


FIGURE 1 . Basic Operation. 
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READING DATA 

The ADS7805 outputs full or byte-reading parallel data in 
Binary Two’s Complement data output format. The parallel 
output will be active when R/C (pin 24) is HIGH and CS 
(pin 25) is LOW. Any other combination of CS and R/C will 
tri-state the parallel output. Valid conversion data can be 
read in a full parallel, 16-bit word or two 8-bit bytes on pins 
6-13 and pins 15-22. BYTE (pin 23) can be toggled to read 
both bytes within one conversion cycle. Refer to Table III 
for ideal output codes and Figure 2 for bit locations relative 
to the state of BYTE. 




DIGITAL OUTPUT 

BINARY TWO’S COMPLEMENT 

DESCRIPTION 

ANALOG INPUT 

BINARY CODE 

HEX CODE 

Full Scale Range 

±10V 



Least Significant 
Bit (LSB) 

305pV 



+Full Scale 
(10V- 1 LSB) 

9.999695V 

0111 1111 1111 1111 

7FFF 

Midscale 

OV 

0000 0000 0000 0000 

0000 

One LSB below 
Midscale 

-305pV 

1111 1111 1111 1111 

FFFF 

-Full Scale 

-10 V 

1000 0000 0000 0000 

8000 


Table III. Ideal Input Voltages and Output Codes. 


PARALLEL OUTPUT (After a Conversion) 

After conversion ‘n’ is completed and the output registers 
have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion ‘n’ will be available on D 15-DO (pin 6-13 
and 15-22). BUSY going HIGH can be used to latch the 
data. Refer to Table IV and Figures 3 and 5 for timing 
specifications. 


PARALLEL OUTPUT (During a Conversion) 

After conversion ‘n’ has been initiated, valid data from 
conversion ‘n-F can be read and will be valid up to 7ps after 
the start of conversion ‘n’ . Do not attempt t o read d ata from 
7ps after the start of conversion ‘n’ until BUSY (pin 26) 
goes HIGH; this may result in reading invalid data. Refer to 
Table IV and Figures 3 and 5 for timing specifications. 

Note! For the best possible performance, data should not be 
read during a conversion. The switching noise of the asyn- 
chronous data transfer can cause digital feedthrough degrad- 
ing the converter’s performance. ■ 

The number of control lines can be reduced by tieing Csl 
LOW while using R/C to initiate conversions and activate* 
the output mode of the converter. See Figure 3. 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

t. 

Convert Pulse Width 

40 


7000 

ns 

L 

Data Valid Delay after R/C LOW 



8 

M'S 


BUSY Delay from R/C LOW 



65 

ns 

t 4 

BUSY LOW 



8 

MS 

t 5 

BUSY Delay after 

End of Conversion 


220 


ns 

t 6 

Aperture Delay 


40 


ns 

t 7 

Conversion Time 


7.6 

8 

US 


Acquisition Time 



2 

ps 

tg 

Bus Relinquish Time 

10 

35 

83 

ns 

fo 

BUSY Delay after Data Valid 

50 

200 


ns 

U 

Previous Data Valid 


7.4 


US 


after R/C LOW 





t 7 +t 6 

Throughput Time 


9 

10 

\is 

tl2 

R/C to CS Setup Time 

10 



ns 

tl3 

Time Between Conversions 

10 



ps 

t M 

Bus Access Time 
and BYTE Delay 

10 


83 

ns 


TABLE IV. Conversion Timing. 




BYTE LOW 





BYTE HIGH 



Bit 15 (MSB) 

6 



Bit 7 




^ +5V 

Bit 14 

7 

ADS7805 

22 

Bit 0 (LSB) 

Bit 6 

[I 

ADS7805 

22 

Bit 8 

Bit 13 

8 


2, 

Bit 1 

Bit 5 

8 


21 

Bit 9 

Bit 12 

T 


20 

Bit 2 

Bit 4 



20 

Bit 10 

Bit 11 

Gl 


FT 

Bit 3 

Bit 3 | 

DE 


J. 

Bit 11 

Bit 10 

Hi 


7s 

Bit 4 

Bit 2 | 

HI 


18 

Bit 12 

Bit 9 

Fir 


HI 

Bit 5 

Bit 1 

HI 


771 

Bit 13 

Bit 8 

5 


,6 

Bit 6 

Bit 0 (LSB) 

HI 


16 

Bit 14 



3 

Bit 7 



TiT 

Bit 15 (MSB) 


FIGURE 2. Bit Locations Relative to State of BYTE (pin 23). 
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FIGURE 5. Using CS and BYTE to Control Data Bus. 
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INPUT RANGES 

The ADS7805 offers a standard ±10V input range. Figure 6 
shows the necessary circuit connections for the ADS7805 
with and without hardware trim. Offset and full scale error^l 
specifications are tested and guaranteed with the fixed resis- 
tors shown in Figure 6b. Adjustments for offset and gain are 
described in the Calibration section of this data sheet. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

The nominal input impedance of 23kO results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and the external resistors. 
The input resistor divider network provides inherent overvolt- 
age protection guaranteed to at lease ±25 V. The 1% resistors 
used for the external circuitry do not compromise the accuracy 
or drift of the converter. They have little influence relative to 
the internal resistors, and tighter tolerances are not required. 
NOTE: (1) Full scale error includes offset and gain errors measured at both +FS 
and -FS. 

CALIBRATION 

The ADS7805 can be trimmed in hardware or software. The 
offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required. 

HARDWARE CALIBRATION 

To calibrate the offset and gain of the ADS7805, install the 
proper resistors and potentiometers as shown in Figure 6a. The 
calibration range is ±15mV for the offset and ±60mV for the 
gain. 


SOFTWARE CALIBRATION 

To calibrate the offset and gain of the ADS7805 in software, 
no external resistors are required. See the No Calibration 
section for details on the effects of the external resistors. Refer 
to Table V for range of offset and gain errors with and without 
external resistors. 

NO CALIBRATION 

See Figure 6b for circuit connections. The external resistors 
shown in Figure 6b may not be necessary in some applica- 
tions. These resistors provide compensation for an internal! 
adjustment of the offset and gain which allows calibration! 
with a single supply. The nominal transfer function of the! 
ADS7805 will be bound by the shaded region seen in Figure 
7 with a typical offset of -30mV and a typical gain error of 
-1.5%. Refer to Table V for range of offset and gain errors 
with and without external resistors. 



WITH 

EXTERNAL 

RESISTORS 

WITHOUT 

EXTERNAL 

RESISTORS 

UNITS 

BPO 

-10 < BPO < 10 
-30 < BPO < 30 

-50 < BPO <-15 
-150 < BPO < -45 

mV 

LSBs 

Gain 

Error 

-0.5 < error < 0.5 

-2 < error < -1 

% of FSR 


TABLE V. Offset and Gain Errors With and Without Exter- 
nal Resistors. 


a) ±10V With Hardware 

Trim 


b) 



±10V Without Hardware 
Trim 



FIGURE 6. Circuit Diagram With and Without External Resistors. 
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FIGURE 7. Full Scale Transfer Function. 


REFERENCE 

The ADS7805 can operate with its internal 2.5 V reference or 
an external reference. By applying an external reference to 
pin 5, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output on CAP 
(pin 4). 

The internal reference has an 8 ppm/°C drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±0.5% for low grade, ±0.25% for high grade). 

REF 

REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2pF capacitor should be 
connected as close to the REF pin as possible. The capacitor 
and the output resistance of REF create a low pass filter to 
bandlimit noise on the reference. Using a smaller value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. 

The range for the external reference is 2.3V to 2.7V and 
determines the actual LSB size. Increasing the reference 
voltage will increase the full scale range and the LSB size of 
the converter which can improve the SNR. 

2.230 


CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
2.2pF capacitor should be placed as close to the CAP pin as 
possible to provide optimum switching currents for the 
CD AC throughout the conversion cycle and compensation 
for the output of the internal buffer. Using a capacitor any 
smaller than lpF can cause the output buffer to oscillate and 
may not have sufficient charge for the CD AC. Capacitor 
values larger than 2.2pF will have little affect on improving 
performance. 

The output of the buffer is capable of driving up to 2mA of 
current to a DC load. DC loads requiring more than 2mA of 
current from the CAP pin will begin to degrade the linearity 
of the ADS7805. Using an external buffer will allow the 
internal reference to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance degra- 
dation of the converter. 


BURR -BROWN® 
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LAYOUT 

POWER 

For optimum performance, tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the ADS7805 uses 90% of its power for the analog 
circuitry. The ADS7805 should be considered as an analog 
component. 

The +5 V power for the A/D should be separate from the +5V 
used for the system’s digital logic. Connecting V DIG (pin 28) 
directly to a digital supply can reduce converter performance 
due to switching noise from the digital logic. For best 
performance, the +5V supply can be produced from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. If +12V or +15V supplies are present, a simple 
+5V regulator can be used. Although it is not suggested, if 
the digital supply must be used to power the converter, be 
sure to properly filter the supply. Either using a filtered 
digital supply or a regulated analog supply, both V DIG and 
V ANA should be tied to the same +5V source. 

GROUNDING 

Three ground pins are present on the ADS7805. DGND is 
the digital supply ground. AGND2 is the analog supply 
ground. AGND1 is the ground which all analog signals 
internal to the A/D are referenced. AGND1 is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance back to the power supply. 

All the ground pins of the A/D should be tied to the analog 
ground plane, separated from the system’s digital logic 
ground, to achieve optimum performance. Both analog and 
digital ground planes should be tied to the “system” ground 
as near to the power supplies as possible. This helps to 
prevent dynamic digital ground currents from modulating 
the analog ground through a common impedance to power 
ground. 


SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
A/D converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. The 
FET switch on the ADS7805, compared to the FET switches 
on other CMOS A/D converters, releases 5%-10% of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. The end result is a minimal 
requirement for the anti-alias filter on the front end. Any op 
amp sufficient for the signal in an application will be 
sufficient to drive the ADS7805. 

The resistive front end of the ADS7805 also provides a| 
guaranteed ±25V overvoltage protection. In most cases, this| 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7805 does have tri-state outputs for the parallel 
port, but intermediate latches should be used if the bus will 
be active during conversions. If the bus is not active during 
conversion, the tri- state outputs can be used to isolate the 
A/D from other peripherals on the same bus. Tri-state 
outputs can also be used when the A/D is the only peripheral 
on the data bus. 

Intermediate latches are beneficial on any monolithic A/D 
converter. The ADS7805 has an internal LSB size of 38qV. 
Transients from fast switching signals on the parallel port, 
even when the A/D is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. 

APPLICATIONS 

Call factory for updated data sheet which includes standard 
DSP, microprocessor, and microcontroller interfaces. 


mm 
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BURR - BROWN 



ADS7806 

DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


Low-Power 12-Bit Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 


FEATURES 

• 35mW max POWER DISSIPATION 

• 50pW POWER DOWN MODE 

• 25ps max ACQUISITION AND 
CONVERSION 

• +1/2LSB max INL AND DNL 

• 72dB min SINAD WITH 1kHz INPUT 

• ±10V, OV TO +5V, AND OV TO +4V INPUT 
RANGES 

• SINGLE +5V SUPPLY OPERATION 

• PARALLEL AND SERIAL DATA OUTPUT 

• PIN-COMPATIBLE WITH 16-BIT ADS7807 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 


DESCRIPTION 

The ADS7806 is a low-power 12-bit sampling A/D 
using state-of-the-art CMOS structures. It contains a 
complete 12-bit capacitor-based SAR A/D with S/H, 
clock, reference, and microprocessor interface with 
parallel and serial output drivers. 

The ADS7806 can acquire and convert to full 12-bit 
accuracy in 25ps max while consuming only 35mW 
max. Laser-trimmed scaling resistors provide standard 
industrial input ranges of ±10V and OV to +5V. In 
addition, a OV to +4V range allows development of 
complete single supply systems. 

The 28-pin ADS7806 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C temperature range. 


Clock 


Successive Approximation Register and Control Logic 




20kQ<; 40kO -* 


oJTI T 

? ? ?!? ? » ? 9 TS 


Serial Data 
Clock 


Internal 
+2.5V Ref 


Reference 
- Power 
Down 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

T a = -40°C to +85°C, f s = 40kHz, V D1G = V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 




ADS7806P, U 

ADS7806PB, UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 



* 

Bits 

ANALOG INPUT 









Voltage Ranges 




±10, 0 to +5, 0 to +4 



V 

Impedance 




(See Table II) 




Capacitance 



35 



* 


PF 

THROUGHPUT SPEED 

Conversion Time 




20 



. 

ps 

Complete Cycle 

Acquire and Convert 



25 



* 

PS 

Throughput Rate 


40 



* 



kHz 

DC ACCURACY 

Integral Linearity Error 



±0.15 

±0.9 


* 

±0.45 

LSB® 

Differential Linearity Error 



±0.15 

±0.9 


* 

±0.45 

LSB 

No Missing Codes 



Guaranteed 



* 


Bits 

Transition Noise® 



0.1 



* 


LSB 

Full Scale Error® 4 * 




±0.5 



±0.25 

% 

Full Scale Error Drift 



±7 



±5 


ppm/°C 

Full Scale Error® 4 * 

Ext. 2.5000V Ref 



±0.5 



±0.25 

% 

Full Scale Error Drift 

Ext. 2.5000V Ref 


±0.5 





ppm/°C 

Bipolar Zero Error® 

±10V Range 



±10 



* 

mV 

Bipolar Zero Error Drift 

±10V Range 


±0.5 





ppm/°C 

Unipolar Zero Error® 

0V to 5V, 0V to 4V Ranges 



±3 



* 

mV 

Unipolar Zero Error Drift 

0V to 5V, 0V to 4V Ranges 


±0.5 





ppm/°C 

Recovery Time to Rated Accuracy 

2.2pF Capacitor to CAP 


1 





ms 

from Power Down® 

Power Supply Sensitivity 

+4.75V < V s < +5.25V 



±0.5 



* 

LSB 

( V DIG = V ANA = V s ) 









AC ACCURACY 

Spurious-Free Dynamic Range 

f 1N = 1kHz, +10V 

80 

90 


* 

* 


dB® 

Total Harmonic Distortion 

f IN = 1kHz, ±10V 


-90 

-80 


* 

* 

dB 

Signal-to-(Noise+Distortion) 

f IN = 1kHz, ±10V 

70 

73 


72 

* 


dB 

Signal-to-Noise 

f IN = 1kHz, ±10V 

70 

73 


72 

* 


dB 

Full-Power Bandwidth® 



130 





kHz 

SAMPLING DYNAMICS 

Aperture Delay 



40 



* 


ns 

Aperture Jitter 


Sufficient to meet AC specs 


* 



Transient Response 

FS Step 



5 



* 

(IS 

Overvoltage Recovery* 8 * 



750 



* 


ns 

REFERENCE 

Internal Reference Voltage 

No Load 

2.48 

2.5 

2.52 

* 


* 

V 

Internal Reference Source Current 



1 



* 


liA 

(Must use external buffer.) 

Internal Reference Drift 



8 





ppm/°C 

External Reference Voltage Range 


2.3 

2.5 

2.7 

* ■ 

* 

* 

V 

for Specified Linearity 

External Reference Current Drain 

Ext. 2.5000V Ref 



100 



* 

pA 

DIGITAL INPUTS 

Logic Levels 









v, L 


-0.3 


+0.8 



* 

V 

V| H 


+2.0 


V D +0.3V 

* 


* 

V 

l,L 

V 1L = 0 V 



±10 



* 

pA 

IlH 

V, H = 5 V 



±10 



* 

(iA 

DIGITAL OUTPUTS 









Data Format 



Parallel 12-bits in 2-bytes; Serial 



Data Coding 



Binary Two’s Complement or Straight Binary 


V 0L 

Isink= '••6mA 



+0.4 



* 

V 

V 0 h 

•source = 500|iA 

+4 



* 



V 

Leakage Current 

High-Z State, 

V OUT = 0V to V D | G 



±5 




PA 

Output Capacitance 

High-Z State 



15 




PF 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = -40°C to +85°C, f s = 40kHz, V DIG = V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 




ADS7806P, U 

ADS7806PB, UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL TIMING 

Bus Access Time 

R l = 3.3kO, C L = 50pF 



83 



Bj 

ns 

Bus Relinquish Time 

R l = 3.3kO, C L = lOpF 



83 




ns 

POWER SUPPLIES 

Specified Performance 









Vdig 

Must be < V ANA 

+4.75 

+5 

+5.25 


* 

* 

V 

V ANA 


+4.75 

+5 

+5.25 


* 

* 

V 

UlG 



0.6 



* 


mA 

Una 



5.0 



* 


mA 

Power Dissipation 

Vana = V DIG = 5V, f s = 40kHz 


28 

35 


* 

* 

mW 


REFD HIGH 


23 



* 


mW 


PWRD and REFD HIGH 


50 



* 



TEMPERATURE RANGE 

Specified Performance 


-40 


+85 

1 

1 



Derated Performance 


-55 


+125 





Storage 

Thermal Resistance (0 JA ) 


-65 

i 

+150 



■ 


Plastic DIP 



75 






SOIC 



75 



HU 




NOTES: (1) LSB means Least Significant Bit. One LSB for the ±10V input range is 4.88mV. (2) Typical rms noise at worst case transition. (3) As measured with 
fixed resistors shown in Figure 7b. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of -Full Scale or +Full Scale untrimmed 
deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes the effect of offset error. (5) 
This is the time delay after the ADS7806 is brought out of Power Down Mode until all internal settling occurs and the analog input is acquired to rated accuracy. 
A Convert Command after this delay will yield accurate results. (6) All specifications in dB are referred to a full-scale input. (7) Full-Power Bandwidth defined as 
Full-Scale input frequency at which Signal-to-(Noise + Distortion) degrades to 60dB. (8) Recovers to specified performance after 2 X FS input overvoltage. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs: R1 IN 
R2 |N 
CAP 
REF 


±25V 

±25V 

V ANA +0.3V to AGND2 -0.3V 
... Indefinite Short to AGND2, 


Momentary Short to V AN 
Ground Voltage Differences: DGND, AGND1, and AGND2 ±0.3V 


„ to V AN 


V M 

V D ,c 

v D1G 

Digital Inputs 

Maximum Junction Temperature 

Internal Power Dissipation 

Lead Temperature (soldering, 10s) .. 


.. 7V 

+0.3V 

7V 

DIG +0-3V 
.. +165°C 
.. 825m W 
.. +300°C 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that this integrated circuit 
be handled and stored using appropriate ESD protection 
methods. 


ORDERING INFORMATION 


MODEL 

MAXIMUM 

INTEGRAL 
LINEARITY 
ERROR (LSB) 

MINIMUM 

SIGNAL-TO- 
(NOISE + DISTORTION) 
RATIO (dB) 

SPECIFICATION 

TEMPERATURE 

RANGE 

PACKAGE 

ADS7806P 

±0.9 

70 

—40°C to +85°C 

Plastic DIP 

ADS7806PB 

±0.45 

72 

-40°C to +85°C 

Plastic DIP 

ADS7806U 

±0.9 

70 

-40°C to +85°C 

SOIC 

ADS7806UB 

±0.45 

72 

-40°C to +85°C 

SOIC 


PACKAGE INFORMATIONS) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7806P 

Plastic DIP 

246 

ADS7806PB 

Plastic DIP 

246 

ADS7806U 

SOIC 

217 

ADS7806UB 

SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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PIN# 

NAME 

DIGITAL 

I/O 

DESCRIPTION 

1 

R1, n 


Analog Input. See Figure 7. 

2 

AGND1 


Analog Ground. 

3 

R2, n 


Analog Input. See Figure 7. 

4 

CAP 


Reference Buffer Capacitor. 2.2pF tantalum to ground. 

5 

REF 


Reference Input/Output. 2.2pF tantalum capacitor to ground. 

6 

AGND2 


Analog Ground. 

7 

SB/BTC 

1 

Selects Straight Binary or Binary Two’s Complement for Output Data Format. 

8 

EXT/INT 

1 

External/Internal data clock select. 

9 

D7 

0 

Data Bit 3 if BYTE is HIGH. Data bit 11 (MSB) if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. Leave 
unconnected when using serial output. 

10 

D6 

0 

Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

11 

D5 

0 

Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

12 

D4 

0 

Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

13 

D3 

0 

LOW if BYTE is HIGH. Data bit 7 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

14 

DGND 


Digital Ground. 

15 

D2 

0 

LOW if BYTE is HIGH. Data bit 6 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

16 

D1 

0 

LOW if BYTE is HIGH. Data bit 5 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

17 

DO 

0 

LOW if BYTE is HIGH. Data bit_4 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

18 

DATACLK 

I/O 

Data Clock Output when EXT/INT is LOW. Data clock input when EXT/INT is HIGH. 

19 

SDATA 

0 

Serial Output Synchronized to DATACLK. 

20 

TAG 

1 

Serial Input When Using an External Data Clock. 

21 

BYTE 

1 

Selects 8 most significant bits (LOW) or 4 least significant bits (HIGH). 

22 

R/C 

1 

With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C 
enables the parallel output. 

23 

CS 

1 

Internally OR’d with R/C. If R/C is LOW, a falling edge on CS initiates a new conversion. If EXT/InT is LOW, this same 
falling edge will start the transmission of serial data results from the previous conversion. 

24 

BUSY 

o 

At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs 
have been updated. 

25 

PWRD 

1 

PWRD HIGH shuts down all analog circuitry except the reference. Digital circuitry remains active. 

26 

REFD 

1 

REFD HIGH shuts down the internal reference. External reference will be required for conversions. 

27 

Vana 


Analog Supply. Nominally +5 V. Decouple with 0.1 pF ceramic and lOpF tantalum capacitors. 

28 

v DIG 


Digital Supply. Nominally +5V. Connect directly to pin 27. Must be < V ANA . 


TABLE I. Pin Assignments. 


PIN CONFIGURATION 




— ^7 — 




R1|N 

1 


m 

V DIG 

AGND1 

B 



Vana 

R2,n 

3 


26 

REFD 

CAP 

4 


IF 

PWRD 

REF 

5 



BLJSY 

AGND2 

6 


23 

CS 

SB/BTC 

7 

ADS7806 

22 

R/C 

EXT/INT 

8 


21 

BYTE 

D7 

9 


20 

TAG 

D6 

10 



SDATA 

D5 

11 


«] 

DATACLK 

D4 

12 



DO 

D3 

13 


«] 

D1 

DGND 

14 


I] 

D2 


ANALOG 

INPUT 

RANGE 

CONNECT R1 1N 
VIA 200Q 

TO 

CONNECT R2 |N 
VIA 100Q 

TO 

IMPEDANCE 

±10V 

v 1N 

CAP 

45.7kQ 

0V to 5V 

AGND 

v 1M 

20.0kQ 

0V to 4V 

v IN 

V IN 

21 ,4kQ 


TABLE II. Input Range Connections. See also Figure 7. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, f s = 40kHz, V DIG = V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 


FREQUENCY SPECTRUM 
(8192 Point FFT; f IN = 1kHz, OdB) 


0 

-20 

m -40 
33 

CD 

E -60 

Ql 

< -80 

-100 

-120 

























L ll 




10 15 

Frequency (kHz) 


FREQUENCY SPECTRUM 
(8192 Point FFT; f IN = 15kHz, OdB) 


0 

-20 
m -40 

T3, 

CD 

E -60 

in 

Q. 

< -80 
-100 
-120 





















ui 


■MMBHa 


10 

Frequency (kHz) 


SIGNAL-TO-(NOISE + DISTORTION) 



100 Ik 10k 100k 1 M 


GO 

"O 


SIGNAL-TO-(NOISE + DISTORTION) vs INPUT FREQUENCY 



0 2 4 6 8 10 12 14 16 18 20 


Input Signal Frequency (Hz) 


Input Signal Frequency (kHz) 


SIGNAL-TO-(NOISE + DISTORTION) vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 150 

Temperature (°C) 


110 

105 
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95 

90 

85 

80 

75 

70 

65 

60 


A.C. PARAMETERS vs TEMPERATURE 
(f, N = 1kHz, OdB) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, f s = 40kHz, V DIG = V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 


POWER SUPPLY RIPPLE SENSITIVITY 
INL/DNL DEGRADATION PER LSB OF P-P RIPPLE 




INTERNAL REFERENCE VOLTAGE vs TEMPERATURE 

2.520 
2.515 
2.510 
2.505 
2.500 
2.495 
2.490 
2.485 
2.480 

-75 -50 -25 0 25 50 75 100 125 150 

Temperature (°C) 



CONVERSION TIME vs TEMPERATURE 

15.10 
15.00 
_ 1 4-.90 
« 14 -80 
F 14.70 
| 14.60 

CD 

£ 14.50 
o 

° 14.40 
14.30 
14.20 

-75 -50 -25 0 25 50 75 100 125 150 

Temperature (°C) 
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BASIC OPERATION 

PARALLEL OUTPUT 

Figure la shows a basic circuit to operate the ADS7806 with 
a ±10V input range and parallel output. Taking pin 22 LOW 
for 40ns (12ps max) will initiate a conversion. Pin 24 will go 
LOW and stay LOW until the conversion is completed and 
the output register is updated. If pin 21 is LOW, the 8 most 
significant bits will be valid when pin 24 rises; if pin 21 is 
HIGH, the 4 least significant bits will be valid when pin 24 
rises. Data will be output in Binary Two’s Complement 
format. Pin 24 going HIGH can be used to latch the data. 
After the first byte has been read, pin 21 can be toggled 
allowing the remaining byte to be read. All convert com- 
mands will be ignored while pin 24 is LOW. 

The ADS7806 will begin tracking the input signal at the end 
of the conversion. Allowing 25ps between convert com- 
mands assures accurate acquisition of a new signal. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

SERIAL OUTPUT 

Figure lb shows a basic circuit to operate the ADS7806 with 
a ±10V input range and serial output. Taking pin 22 LOW 
for 40ns (12jis max) will initiate a conversion and output 


valid data from the previous conversion on pin 19 synchro- 
nized to 12 clock pulses output on pin 18. Pin 24 will go 
LOW and stay LOW until the conversion is completed and 
the serial data has been transmitted. Data will be output in 
Binary Two’s Complement format, MSB first, and will be 
valid on both the rising and falling edges of the data clock. 
Pin 24 going HIGH can be used to latch the data. All convert 
commands will be ignored while pin 24 is LOW. 

The ADS7806 will begin tracking the input signal at the end 
of the conversion. Allowing 25ps between convert com- 
mands assures accurate acquisition of a new signal. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

STARTING A CONVERSION 

The combination of CS (pin 23) and R/C (pin 22) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7806 in the hold state and starts conversion ‘n’. BUSY 
(pin 24) will go LOW and stay LOW until conversion ‘n’ is 
completed and the internal output register has been updated. 
All new convert commands during BUSY LOW will be 
ignored. CS and/or R/C must go HIGH before BUSY goes 
HIGH or a new conversion will be initiated without suffi- 
cient time to acquire a new signal. 



FIGURE 1. Basic ±10V Operation, both Parallel and Serial Output. 
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The ADS7806 will begin tracking the input signal at the end 
of the conversion. Allowing 25ps between convert com- 
mands assures accurate acquisition of a new signal. Refer to 
Tables III and IV for a summary of CS, R/C, and BUSY 
states and Figures 2 through 6 for timing diagrams. 


CS 

R/C 

BUSY 

OPERATION 

1 

X 

X 

None. Databus is in Hi-Z state. 

i 

0 

1 

Initiates conversion “n”. Databus remains 
in Hi-Z state. 

0 

i 

1 

Initiates conversion “n”. Databus enters Hi-Z 
state. 

0 

1 

T 

Conversion “n” completed. Valid data from 
conversion “n” on the databus. 

i 

1 

1 

Enables databus with valid data from 
conversion “n”. 

i 

1 

0 

Enables databus with valid data from 
conversion “n-l”* 1 *. Conversion n in progress. 

0 

T 

0 

Enables databus with valid data from 
conversion “n-l”* 1 ). Conversion “n” in progress. 

0 

0 

T 

New conversion initiated without acquisition 
of a new signal. Data will be invalid. CS and/or 
R/C must be HIGH when BUSY goes HIGH. 

X 

X 

0 

New convert commands ignored. Conversion 
“n” in progress. 

NOTE: (1) See Figures 2 and 3 for constraints on data valid from 
conversion “n-1”. 


Table III. Control Functions When Using Parallel Output 
(DATACLK tied LOW, EXT/INT tied HIGH). 


CS and R/C are internally OR’d and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If, however, it is critical that CS or 
R/C initiates conversion ‘n’, be sure the less critical input is 
LOW at least 10ns prior to the initiating input. If EXT/INT 
(pin 8) is LOW when initiating conversion ‘n’, serial data 
from conversion ‘n-1’ will be output on SDATA (pin 19) 
following the start of conversion ‘n’. See Internal Data 
Clock in the Reading Data section. 

To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the serial 
output mode. However, the parallel output and the serial 
output (only when using an external data clock) will be 
affected whenever R/C goes HIGH. Refer to the Reading 
Data section. 

READING DATA 

The ADS7806 outputs serial or parallel data in Straight 
Bin ary o r Binary Two’s Complement data output format. If 
SB/BTC (pin 7) is HIGH, the output will be in SB format, 
and if LOW, the output will be in BTC format. Refer to 
Table V for ideal output codes. 

The parallel output can be read without affecting the internal 
output registers; however, reading the data through the serial 


CS 

R/C 

BUSY 

EXT/lNT 

DATACLK 

OPERATION 

i 

0 

1 

0 

Output 

Initiates conversion “n”. Valid data from conversion “n-1” clocked out on SDATA. 

0 

1 

1 

0 

Output 

Initiates conversion “n”. Valid data from conversion “n-1” clocked out on SDATA. 

i 

0 

1 

1 

Input 

Initiates conversion “n”. Internal clock still runs conversion process. 

0 

i 

1 

1 

Input 

Initiates conversion “n”. Internal clock still runs conversion process. 

i 

1 

1 

1 

Input 

Conversion “n” completed. Valid data from conversion “n” clocked out on SDATA synchronized 
to external data clock. 

l 

1 

0 

1 

Input 

Valid data from conversion “n-1” output on SDATA synchronized to external data clock. 
Conversion “n” in progress. 

0 

T 

0 

1 

Input 

Valid data from conversion “n-1” output on SDATA synchronized to external data clock. 
Conversion “n” in progress. 

0 

0 

t 

X 

X 

New conversion initiated without acquisition of a new signal. Data will be invalid. CS and/or R/C 
must be HIGH when BUSY goes HIGH. 

X 

X 

0 

X 

X 

New convert commands ignored. Conversion “n” in progress. 

NOTE: (1) See Figures 4, 5, and 6 for constraints on data valid from conversion “n-1”. 


Table IV. Control Functions When Using Serial Output. 






DIGITAL OUTPUT 





BINARY TWO’S COMPLEMENT 
(SB/BTC LOW) 

STRAIGHT BINARY 
(SB/BTC HIGH) 

DESCRIPTION 


ANALOG INPUT 

BINARY CODE 

HEX 

CODE 

BINARY CODE 

HEX 

CODE 

Full-Scale Range 

±10 

0V to 5V 

OV to 4V 





Least Significant Bit (LSB) 

4.88mV 

1 .22mV 

976|xV 





+Full Scale (FS - 1 LSB) 

9.99512V 

4.99878V 

3.999024V 

0111 1111 1111 

7FF 

1111 1111 1111 

FFF 

Midscale 

OV 

2.5V 

2V 

0000 0000 0000 

000 

1000 0000 0000 

800 

One LSB Below Midscale 

-4.88mV 

2.49878V 

1.999024V 

1111 1111 1111 

FFF 

0111 1111 1111 

7FF 

-Full Scale 

-10 V 

OV 

OV 

1000 0000 0000 

800 

0000 0000 0000 

000 


Table V. Output Codes and Ideal Input Voltages. 
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port will shift the internal output registers one bit per data 
clock pulse. As a result, data can be read on the parallel port 
prior to reading the same data on the serial port. But data 
cannot be read through the serial port prior to reading the 
same data on the parallel port. 

PARALLEL OUTPUT 

To use the parallel output, tie EXT/INT (pin 8) HIGH and 
DATACLK (pin 18) LOW. SDATA (pin 19) should be left 
unconnected. The parallel output will be active when R/C 
(pin 22) is HIGH and CS (pin 23) is LOW. Any other 
combination of CS and R/C will tri-state the parallel output. 
Valid conversion data can be read in two 8-bit bytes on 07- 
DO (pins 9-13 and 15-17) . When BYTE (pin 21) is LOW, 
the 8 most significant bits will be valid with the MSB on D7. 
When BYTE is HIGH, the 4 least significant bits will be 
valid with the LSB on D4. BYTE can be toggled to read both 
bytes within one conversion cycle. 


PARALLEL OUTPUT (After a Conversion) 

After conversion ‘ n’ is co mpleted and the output registers 
have been updated, BUSY (pin 24) will go HIGH. Valid data 
from conve rsion ‘n ’ will be available on D7-D0 (pin 9-13 
and 15-17). BUSY going high can be used to latch the data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 

PARALLEL OUTPUT (During a Conversion) 

After conversion ‘n’ has been initiated, valid data from 
conversion ‘n-1* can be read and will be valid up to 12ps 
after the start of conversion ‘n’. Do not attempt to read data 
from 12ps after the start of conversion ‘n’ until BUSY (pin 
24) goes HIGH; this may result in reading invalid data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 



FIGURE 2. Conversion Timing with Parallel Output (CS and DATACLK tied LOW, EXT/INT tied HIGH). 
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SERIAL OUTPUT 

Data can be clocked out with the internal data clock or an 
external data clock. When using serial output, be careful 
with the parallel outputs, D7-D0 (pins 9-13 and 15-17), as 
these pins will come out of Hi-Z state whenever CS (pin 23) 
is LOW and R/C (pin 22) is HIGH. The serial output can not 
be tri-stated and is always active. 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

t t 

Convert Pulse Width 

0.04 


12 

ps 

t 2 

Data Valid Delay after R/C LOW 


14.7 

20 

ps 

t 3 

BUSY Delay from 

Start of Conversion 



85 

ns 

t 4 

BUSY LOW 


14.7 

20 

ps 

t 5 

BUSY Delay after 

End of Conversion 


90 


ns 

t 6 

Aperture Delay 


40 


ns 

t 7 

Conversion Time 


14.7 

20 

ps 

t 8 

Acquisition Time 



5 

ps 

t 9 

Bus Relinquish Time 

10 


83 

ns 

f 0 

BUSY Delay after Data Valid 

20 

60 


ns 

tn 

Previous Data Valid 
after Start of Conversion 

12 

14.7 


ps 

f 2 

Bus Access Time and BYTE Delay 



83 

ns 

f 3 

Start of Conversion 
to DATACLK Delay 


1.4 


ps 

tl4 

DATACLK Period 


1.1 


ps 

tl5 

Data Valid to DATACLK 

HIGH Delay 

20 

75 


ns 

tie 

Data Valid after DATACLK 
LOW Delay 

400 

600 


ns 

t 17 

External DATACLK Period 

100 



ns 

tl8 

External DATACLK LOW 

40 



ns 

tl9 

External DATACLK HIGH 

50 



ns 

t 2 o 

CS and R/C to External 
DATACLK Setup Time 

25 



ns 

t 2 1 

R/C to CS Setup Time 

10 



ns 

t 22 

Valid Data after DATACLK HIGH 

25 



ns 

f + t 8 

Throughput Time 



25 

ps 


TABLE VI. Conversion and Data Timing. T A = -40°C to 
+85°C. 


INTERNAL DATA CLOCK (During Conversion) 

To use the internal data clock, tie EXT/INT (pin 8) LOW. 
The combination of R/C (pin 22) and CS (pin 23) LOW will 
initiate conversion ‘n’ and activate the internal data clock 
(typically 900kHz clock rate). The ADS7806 will output 12 
bits of valid data, MSB first, from conversion ‘n-1’ on 
SDATA (pin 19), synchronized to 12 clock pulses output on 
DATACLK (pin 18). The data will be valid on both the 
rising a nd fallin g edges of the internal data clock. The rising 
edge of BUSY (pin 24) can be used to latch the data. After 
the 12th clock pulse, DATACLK will remain LOW until the 
next conversion is initiated, while SDATA will go to what-l 
ever logic level was input on TAG (pin 20) during the first! 
clock pulse. Refer to Table VI and Figure 4. 

EXTERNAL DATA CLOCK 

To use an external data clock, tie EXT/INT (pin 8) HIGH. The 
external data clock is not a conversion clock; it can only be 
used as a data clock. To enable the output mode of the 
ADS7806, CS (pin 23) must be LOW and R/C (pin 22) must 
be HIGH. DATACLK must be HIGH for 20% to 70% of the 
total data clock period; the clock rate can be between DC and 
10MHz. Serial data from conversion ‘n’ can be output on 
SDATA (pin 19) after conversion ‘n’ is completed or during 
conversion ‘n + 1’. 

Note! The number of control lines can be reduced by tying 
CS LOW while using R/C to initiate conversions and acti- 
vate the output mode of the converter. From 12ps after the 
start of conversion ‘n’ until BUSY rises, the internal logic 
will shift conversion ‘n’ results into the output register. 
During this period of the conversion cycle, the external data 
clock must be LOW (when in read mode) or the ADS7806 
must be taken out of the read mode (when using a continu- 
ous external data clock). Violating this condition may result 
in data loss. 
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FIGURE 5. Conversion and Read Timing with External Clock (EXT/INT Tied HIGH) Read after Conversion. 
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FIGURE 6. Conversion and Read Timing with External Clock (EXT/INT tied HIGH) Read During a Conversion. 


EXTERNAL DATA CLOCK 
(After a Conversion) 

After conversion ‘n’ is completed and the output registers 
have been updated, BUSY (pin 24) will go HIGH. With CS 
LOW and R/C HIGH, valid data from conversion ‘n’ will be 
output on SDATA (pin 19) synchronized to the external data 
clock input on DATACLK (pin 18). The MSB will be valid 
on the first falling edge and the second rising edge of the 
external data clock. The LSB will be valid on the 12th falling 
edge and 13th rising edge of the data clock. TAG (pin 20) 
will input a bit of data for every external clock pulse. The 
first bit input on TAG will be valid on SDATA on the 13th 
falling edge and the 14th rising edge of DATACLK; the 
second input bit will be valid on the 14th falling edge and the 
15th rising edge, etc. With a continuous data clock, TAG 
data will be output on SDATA until the internal output 
registers are updated with the results from the next conver- 
sion. Refer to Table VI and Figure 5. 

EXTERNAL DATA CLOCK 
(During a Conversion) 

After conversion ‘n’ has been initiated, valid data from 
conversion ‘n-1’ can be read and will be valid up to 12ps 
after the start of conversion ‘n\ Do not attempt to clock out 
data from 12ps after the start of conversion ‘n’ until BUSY 
(pin 24) rises; this will result in data loss. NOTE: For the 
best possible performance when using an external data 
clock, data should not be clocked out during a conversion. 
The switching noise of the asynchronous data clock can 
cause digital feedthrough degrading the converter’s perfor- 
mance. Refer to Table VI and Figure 6. 
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TAG FEATURE 

TAG (Pin 20) inputs serial data synchronized to the external 
or internal data clock. 

When using an external data clock, the serial bit stream input 
on TAG will follow the LSB output on SDATA until the 
internal output register is updated with new conversion 
results. See Table VI and Figures 5 and 6. 

The logic level input on TAG for the first rising edge of the 
internal data clock will be valid on SDATA after all 12 bits 
of valid data have been output. 

INPUT RANGES 

The ADS7806 offers three input ranges: standard ±10V and 
0-5V, and a 0-4V range for complete, single supply systems. 
Figures 7a and 7b show the necessary circuit connections for 
implementing each input range and optional offset and gain 
adjust circuitry. Offset and full scale error (1) specifications 
are tested and guaranteed with the fixed resistors shown in 
Figure 7b. Adjustments for offset and gain are described in 
the Calibration section of this data sheet. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

The input impedance, summarized in Table II, results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and the external resistors 


NOTE: (1) Full scale error includes offset and gain errors measured at both 
+FS and — FS. 
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used for each input range. The input resistor divider network 
provides inherent overvoltage protection guaranteed to at least 
±25V. 

The digital output will increase for an increasing analog input 
until digital full scale has been achieved (7FF for Binary 
Two’s Complement); likewise for a decreasing analog signal 
(800 for Binary Two’s Complement). 

The 1% resistors used for the external circuitry do not compro- 
mise the accuracy or drift of the converter. They have little 
influence relative to the internal resistors, and tighter toler- 
ances are not required. 


CALIBRATION 

The ADS7806 can be trimmed in hardware or software. The 
offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required. 

HARDWARE CALIBRATION 

To calibrate the offset and gain of the ADS7806, install the 
proper resistors and potentiometers as shown in Figure 7a. The 
calibration range is ±15mV for the offset and ±60mV for the 
gain. 



FIGURE 7a. Circuit Diagrams (With Hardware Trim). 



FIGURE 7b. Circuit Diagrams (Without Hardware Trim). 
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SOFTWARE CALIBRATION 

To calibrate the offset and gain of the ADS7806, no external 
resistors are required. See the No Calibration section for 
details on the effects of the external resistors. Refer to Tables 
VII and VIII for range of offset and gain errors with and 
without external resistors. 

WITH WITHOUT 

EXTERNAL EXTERNAL 

RESISTORS RESISTORS UNITS 

BPO -10 < BPZ <10 -45 < BPZ < 5 mV 

-2 < BPZ < 2 -10 < BPZ < 1 LSBs 

Gain -0.5 < error < 0.5 -0.6 < error < -0.55 % of FSR 

Error -0.25 < error < 0.250) -0.45 < error < -0.30) 

NOTE: (1) High Grade. 

TABLE VII. Bipolar Offset and Gain Errors With and 
Without External Resistors. 



WITH 

EXTERNAL 

RESISTORS 


WITHOUT 

EXTERNAL 

RESISTORS 

UNITS 

UPO 

-3 < BPZ < 3 
-1 < BPZ < 1 


-15 < BPZ < -3 
-3 < BPZ < -1 

mV 

LSBs 

Gain 

Error 

-0.5 < error < 0.5 
-0.25 < error < 0.250) 


-1 .25 < error < -0.25 
-1 < error < -0.500) 

% of FSR 

NOTE: (1) High Grade. 



TABLE VIII. Unipolar Offset and Gain Errors With and 
Without External Resistors. 


NO CALIBRATION 

See Figure 7b for circuit connections. The external resistors 
shown in Figure 7b may not be necessary in some applica- 
tions. These resistors provide compensation for an internal 
adjustment of the offset and gain which allows calibration 
with a single supply. The nominal transfer functions, both 
bipolar and unipolar, will be bound by the shaded region seen 
in Figures 8 and 9 when the external resistors are not used. The 
typical bipolar offset will be -20mV with a typical gain error 
of -0.60%. The typical unipolar offset will be -9mV with a 
typical gain error of -0.75%. Refer to Tables VII and VIII for 
range of offset and gain errors with and without external! 
resistors. | 

REFERENCE 

The ADS7806 can operate with its internal 2.5 V reference or 
an external reference. By applying an external reference to 
pin 5, the internal reference can be bypassed; REFD (pin 26) 
tied HIGH will power-down the internal reference reducing 
the overall power consumption of the ADS7806 by approxi- 
mately 5mW. 

The internal reference has an 8 ppm/°C drift (typical) and 
accounts for approximately 20% of the full scale error (FSE 
= ±0.5% for low grade, ±0.25% for high grade). 



FIGURE 8. Bipolar Transfer Function. 
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Digital Digital 

Output Output 



Range of Transfer Function 
Without External Resistors 



FIGURE 9. Unipolar Transfer Functions. 


The ADS7806 also has an internal buffer for the reference 
voltage. See Figure 10 for characteristic impedances at the 
input and output of the buffer with all combinations of 
power down and reference down. 

REF 

REF (pin 5) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2pF capacitor should be 
connected as close to the REF pin as possible. This capacitor 
and the output resistance of REF create a low pass filter to 
bandlimit noise on the reference. Using a smaller value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. See Figure 10. 

The range for the external reference is 2.3V to 2.7V and 
determines the actual LSB size. Increasing the reference 
voltage will increase the full scale range and the LSB size of 
the converter which can improve the SNR. 




PWRD 0 

PWRD 0 

PWRD 1 

PWRD 1 


REFD 0 

REFD 1 

REFD 0 

REFD 1 

Z C AP (Q) 

1 

1 

200 

200 

Z REF (Q) 

6k 

100M 

6k 

100M 


FIGURE 10. Characteristic Impedances of Internal Buffer. 
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CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
2.2pF capacitor should be placed as close to the CAP pin as 
possible to provide optimum switching currents for the 
CD AC throughout the conversion cycle. This capacitor also 
provides compensation for the output of the buffer. Using a 
capacitor any smaller than lpF can cause the output buffer 
to oscillate and may not have sufficient charge for the 
CDAC. Capacitor values larger than 2.2pF will have little 
affect on improving performance. See Figures 10 and 11. 

The output of the buffer is capable of driving up to 1mA of 
current to a DC load. Using an external buffer will allow the 
internal reference to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance degra- 
dation of the converter. 

REFERENCE 
AND POWER DOWN 

The ADS7806 has analog power down and reference power 
down capabilities via PWRD (pin 25) and REFD (pin 26) 
respectively. PWRD and REFD HIGH will power down all 
analog circuitry maintaining data from the previous conver- 
sion in the internal registers, provided that the data has not 
already been shifted out through the serial port. Typical 
power consumption in this mode is 50pW. Power recovery 
is typically 1ms. With +5V applied to V DIG , the digital 
circuitry of the ADS7806 remains active at all times, regard- 
less of PWRD and REFD states. 
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PWRD 

PWRD HIGH will power down all of the analog circuitry 
except for the reference. Data from the previous conversion 
will be maintained in the internal registers and can still be 
read. With PWRD HIGH, a convert command yields mean- 
ingless data. 

REFD 

REFD HIGH will power down the internal 2.5V reference. 
All other analog circuitry, including the reference buffer, 
will be active. REFD should be HIGH when using an 
external reference to minimize power consumption and the 
loading effects on the external reference. See Figure 10 for 
the characteristic impedance of the reference buffer’s input 
for both REFD HIGH and LOW. The internal reference 
consumes approximately 5mW. 



FIGURE 11. Power-Down to Power-Up. Time to rated 
accuracy vs capacitor value on CAP. 


LAYOUT 

POWER 

For optimum performance, tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the ADS7806 uses 90% of its power for the analog 
circuitry. The ADS7806 should be considered as an analog 
component. 

The +5V power for the ADS should be separate from the 
+5V used for the system’s digital logic. Connecting V DIG 
(pin 28) directly to a digital supply can reduce converter 
performance due to switching noise from the digital logic. 
For best performance, the +5V supply can be produced from 
whatever analog supply is used for the rest of the analog 
signal conditioning. If +12V or +15V supplies are present, a 
simple +5V regulator can be used. Although it is not sug- 
gested, if the digital supply must be used to power the 
converter, be sure to properly filter the supply. Either using 
a filtered digital supply or a regulated analog supply, both 
Vdig an d V ANA should be tied to the same +5V source. 


GROUNDING 

Three ground pins are present on the ADS7806. D gnd is the 
digital supply ground. A GND2 is the analog supply ground. 
A G ndi i s the ground which all analog signals internal to the 
A/D are referenced. A GND1 is more susceptible to current 
induced voltage drops and must have the path of least 
resistance back to the power supply. 

All the ground pins of the A/D should be tied to an analog 
ground plane, separated from the system’s digital logic 
ground, to achieve optimum performance. Both analog and 
digital ground planes should be tied to the “system” ground, 
as near to the power supplies as possible. This helps tol 
prevent dynamic digital ground currents from modulatingl 
the analog ground through a common impedance to power 
ground. 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
A/D converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. The 
amount of charge injection due to the sampling FET switch 
on the ADS7806 is approximately 5-10% of the amount on 
similar ADCs with the charge redistribution DAC (CD AC) 
architecture. There is also a resistive front end which attenu- 
ates any charge which is released. The end result is a 
minimal requirement for the drive capability on the signal 
conditioning preceding the A/D. Any op amp sufficient for 
the signal in an application will be sufficient to drive the 
ADS7806. 

The resistive front end of the ADS7806 also provides a 
guaranteed ±25V overvoltage protection. In most cases, this 
eliminates the need for external over voltage protection 
circuitry. 

INTERMEDIATE LATCHES 

The ADS7806 does have tri- state outputs for the parallel 
port, but intermediate latches should be used if the bus will 
be active during conversions. If the bus is not active during 
conversion, the tri- state outputs can be used to isolate the 
A/D from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic A/D 
converter. The ADS7806 has an internal LSB size of 610p,V. 
Transients from fast switching signals on the parallel port, 
even when the A/D is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. The effects of this phenomenon will 
be more obvious when using the pin-compatible ADS7807 
or any of the other 16-bit converters in the ADS Family. This 
is due to the smaller internal LSB size of 38pV. 
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r 

BYTE 



CPHA = 0 
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APPLICATIONS INFORMATION 

QSPI INTERFACING 

Figure 12 shows a simple interface between the ADS7806 to 
any QSPI equipped microcontroller. This interface assumes 
that the convert pulse does not originate from the 
microcontroller and that the ADS7806 is the only serial 
peripheral. 

Before enabling the QSPI interface, the microcontroller 
must monitor the slave select line. When a transition from 
LOW to HIGH occurs on Slave Select (SS) from BUSY 
(indicating the end of the current conversion), the port can 
be enabled. If this is not done, the microcontroller and the 
and the A/D may be “out-of-sync.” 


Convert Pulse 



QSPI 



ADS7806 





R/C 

PCSO/SS 


— 

BUSY 

MOSI 


— 

SDATA 

SCK 


— 

DATACLK 



— 

CS 



' — 

EXT/INT 



— 

BYTE 


CPOL = 0 (Inactive State is LOW) ^ 
CPHA = 1 (Data valid on falling edge) 
QSPI port is in slave mode. 


FIGURE 12. QSPI Interface to the ADS7806. 

Figure 13 shows another interface between the ADS7806 
and a QSPI equipped microcontroller. The interface allows 
the microcontroller to give the convert pulses while also 
allowing multiple peripherals to be connected to the serial 
bus. This interface and the following discussion assume a 
master clock for the QSPI interface of 16.78MHz. Notice 
that the serial data input of the microcontroller is tied to the 
MSB (D7) of the ADS7806 instead of the serial output 
(SDATA). Using D7 instead of the serial port offers tri-state 
capability which allows other peripherals to be connected to 
the MISO pin. When communication is desired with those 
peripherals, PCSO and PCS1 should be left HIGH; that will 
keep D7 tri-stated and prevent a conversion from taking 
place. 

In this configuration, the QSPI interface is actually set to do 
two different serial transfers. The first, an eight bit transfer, 
causes PCSO (R/C) and PCS1 (CS) to go LOW starting a 
conversion. The second, a twelve bit transfer, causes only 
PCS1 (CS) to go LOW. This is when the valid data will be 
transferred. 


FIGURE 13. QSPI Interface to the ADS7806. Processor 
Initiates Conversions. 

For both transfers, the DT register (delay after transfer) is 
used to cause a 19ps delay. The interface is also set up to 
wrap to the beginning of the queue. In this manner, the QSPI 
is a state machine which generates the appropriate timing for 
the ADS7806. This timing is thus locked to the crystal based 
timing of the microcontroller and not interrupt driven. So, 
this interface is appropriate for both AC and DC measure- 
ments. 

For the fastest conversion rate, the baud rate should be set to 
two (4.19MHz SCK), DT set to ten, the first serial transfer 
set to eight bits, the second set to twelve bits, and DSCK 
disabled (in the command control byte). This will allow for 
a 23kHz maximum conversion rate. For slower rates, DT 
should be increased. Do not slow SCK as this may increase 
the chance of affecting the conversion results or accidently 
initiating a second conversion during the first eight bit 
transfer. 

In addition, CPOL and CPHA should be set to zero (SCK 
normally LOW and data captured on the rising edge). The 
command control byte for the eight bit transfer should be set 
to 20H and for the twelve bit transfer to 61H. 

SPI INTERFACE 

The SPI interface is generally only capable of 8-bit data 
transfers. For some microcontrollers with SPI interfaces, it 
might be possible to receive data in a similar manner as 
shown for the QSPI interface in Figure 12. The 
microcontroller will probably have to fetch the 8 most 
significant bits before the contents are overwritten by the 
least significant bits. 

A modified version of the QSPI interface shown in Figure 13 
might be possible. For most microcontrollers with SPI inter- 
face, the automatic generation of the start-of-conversion 
pulse will be impossible and will have to be done with 
software. This will limit the interface to ‘DC’ applications 
due to the insufficient jitter performance of the convert pulse 
itself. 
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DSP56000 INTERFACING 

The DSP56000 serial interface has an SPI compatiblity 
mode with some enhancements. Figure 14 shows an inter- 
face between the ADS7806 and the DSP56000 which is very 
similar to the QSPI interface seen in Figure 12. As men- 
tioned in the QSPI section, the DSP56000 must enable the 
interface when a LOW to HIGH transition on SCI is 
observed (BUSY going HIGH at the end of conversion). 



FIGURE 14. DSP56000 Interface to the ADS7806. 


The DSP56000 can also provide the convert pulse by includ- 
ing a monostable multi- vibrator as seen in Figure 15. The 
receive and transmit sections of the interface are decoupled 
(asynchronous mode) and the transmit section is set to 
generate a word length frame sync every other transmit 
frame (frame rate divider set to two). The prescale modulus 
should be set to five. 

The monostable multi-vibrator in this circuit will provide 
varying pulse widths for the convert pulse. The pulse width 
will be determined by the external R and C values used with, 
the multi- vibrator. The 74HCT123N data sheet suggests that! 
the pulse width is (0.7)RC. Choosing a pulse width as close| 
to the minimum value specified in this data sheet will offer 
the best performance. See the Starting A Conversion sec- 
tion of this data sheet for details on the conversion pulse 
width. 

The maximum conversion rate for a 20.48MHz DSP56000 
is 35.6kHz. If a slower oscillator can be tolerated on the 
DSP56000, a conversion rate of 40kHz can be achieved by 
using a 19.2MHz clock and a prescale modulus of four. 



FIGURE 15. DSP56000 Interface to the ADS7806. Processor Initiates Conversions. 
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Low-Power 16 -Bit Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 


FEATURES 

• 35mW max POWER DISSIPATION 

• 50jiW POWER DOWN MODE 

• 25ps max ACQUISITION AND 
CONVERSION 

• ±1 .5LSB max INL 

• DNL: 16-bits “No Missing Codes” 

• 86dB min SINAD WITH 1kHz INPUT 

• ±10V, OV TO +5V, AND OV TO +4V INPUT 
RANGES 

• SINGLE +5V SUPPLY OPERATION 

• PARALLEL AND SERIAL DATA OUTPUT 

• PIN-COMPATIBLE WITH 12-BIT ADS7806 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 


DESCRIPTION 

The ADS7807 is a low-power, 16-bit, sampling A/D 
using state-of-the-art CMOS structures. It contains a 
complete 16-bit, capacitor-based, SAR A/D with S/H, 
clock, reference, and microprocessor interface with 
parallel and serial output drivers. 

The ADS7807 can acquire and convert 16-bits to 
within ±1.5LSB in 25ps max while consuming only 
35mW max. Laser-trimmed scaling resistors provide 
standard industrial input ranges of ±10V and OV to 
+5V. In addition, a OV to +4V range allows develop- 
ment of complete single supply systems. 

The 28-pin ADS7807 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C temperature range. 
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SPECIFICATIONS 


ELECTRICAL 

T a = -40°C to +85°C, f s = 40kHz, V DIG = V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 




ADS7807P, U 

ADS7807PB, UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 



* 

Bits 

ANALOG INPUT 









Voltage Ranges 




±10, 0 to +5, 0 to +4 



V 

Impedance 




(See Table II) 




Capacitance 



35 





pF 

THROUGHPUT SPEED 

Conversion Time 




20 



* 

ps 

Complete Cycle 

Acquire and Convert 



25 



* 

ps 

Throughput Rate 


40 



* 



kHz 

DC ACCURACY 

Integral Linearity Error 




±3 



±1.5 

LSB* 1 ' 

Differential Linearity Error 




+3, -2 



+1.5, -1 

LSB 

No Missing Codes 


15 



16 



Bits 

Transition Noised 



0.8 



* 


LSB 

Full Scale Error* 3 ' 4 ' 




±0.5 



±0.25 

% 

Full Scale Error Drift 



±7 



±5 


ppm/°C 

Full Scale Error* 34 ) 

Ext. 2.5000V Ref 



±0.5 



±0.25 

% 

Full Scale Error Drift 

Ext. 2.5000V Ref 


±0.5 



* 


ppm/°C 

Bipolar Zero Error* 3 ' 

±1 0V Range 



±10 



* 

mV 

Bipolar Zero Error Drift 

±10V Range 


±0.5 



* 


ppm/°C 

Unipolar Zero Error* 3 ' 

0V to 5V, 0V to 4V Ranges 



±3 



* 

mV 

Unipolar Zero Error Drift 

0V to 5V, 0V to 4V Ranges 


±0.5 



* 


ppm/°C 

Recovery Time to Rated Accuracy 

2.2pF Capacitor to CAP 


1 



* 


ms 

from Power Down* 5 ' 

Power Supply Sensitivity 

+4. 75V < V s < +5.25V 



±8 



* 

LSB 

(V D IG = V ANA = V s ) 









AC ACCURACY 

Spurious-Free Dynamic Range 

f IN = 1kHz, ±10V 

90 

100 


96 

* 


dB< 6 ' 

Total Harmonic Distortion 

f )N = 1kHz, +10V 


-100 

-90 


* 

-96 

dB 

Signal-to-(Noise+Distortion) 

f IN = 1kHz, ±10V 

83 

88 


86 

* 


dB 


-60dB Input 


30 



32 


dB 

Signal-to-Noise 

f 1N = 1kHz, ±10V 

83 

88 


86 

* 


dB 

Full-Power Bandwidth* 7 ' 



130 



* 


kHz 

SAMPLING DYNAMICS 

Aperture Delay 



40 



* 


ns 

Aperture Jitter 


Sufficient to meet AC specs 


* 



Transient Response 

FS Step 



5 



* 

ps 

Overvoltage Recovery* 8 ' 



750 



* 


ns 

REFERENCE 

Internal Reference Voltage 

No Load 

2.48 

2.5 

2.52 

* 

* 

* 

V 

Internal Reference Source Current 



1 



* 


pA 

(Must use external buffer.) 

Internal Reference Drift 



8 



* 


ppm/°C 

External Reference Voltage Range 


2.3 

2.5 

2.7 

* 

* 

* 

V 

for Specified Linearity 

External Reference Current Drain 

Ext. 2.5000V Ref 



100 



* 

pA 

DIGITAL INPUTS 

Logic Levels 









v. 


-0.3 


+0.8 

* 


* 

V 

V| H 


+2.0 


V D +0.3V 

* 


* 

V 

l,L 

v )L = ov 



±10 



* 

pA 

l,H 

V,H = 5V 



±10 




pA 

DIGITAL OUTPUTS 









Data Format 



Parallel 16-bits in 2-bytes; Serial 



Data Coding 



Binary Two’s Complement or Straight Binary 



Vol 

•sink= 1-6mA 



+0.4 



* 

V 

V OH 

^SOURCE = 500pA 

+4 



* 



V 

Leakage Current 

High-Z State, 

Vout = 0 V to V DIG 



±5 




pA 

Output Capacitance 

High-Z State 



15 



* 

PF 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = — 40°C to +85°C, f s = 40kHz, V DIG = V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 




ADS7807P, U 

ADS7807PB, UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL TIMING 

Bus Access Time 

R l = 3.3kQ, C L = 50pF 



83 



. 

ns 

Bus Relinquish Time 

R l = 3.3kQ, C L = lOpF 



83 



* 

ns 

POWER SUPPLIES 

Specified Performance 









Vqig 

Must be < V ANA 

+4.75 

+5 

+5.25 

* 

* 

* 

V 



+4.75 

+5 

+5.25 

* . 

* 

* 

V 

*DIG 



0.6 



* 


mA 

*ANA 



5.0 



* 


mA 

Power Dissipation 

V ANA - V DIG = 5V, f s = 40kHz 


28 

35 


* 

* 

mW 


REFD HIGH 


23 



* 


mW 


PWRD and REFD HIGH 


50 



* 


pW 

TEMPERATURE RANGE 

Specified Performance 


-40 


+85 

■1 

1 

1 


Derated Performance 


-55 


+125 





Storage 

Thermal Resistance (0 JA ) 


-65 

i 

+150 


■ 

■ 


Plastic DIP 



75 ' 






SOIC 



75 







NOTES: (1) LSB means Least Significant Bit. One LSB for the ±10V input range is 305pV. (2) Typical rms noise at worst case transition. (3) AS measured with 
fixed resistors shown in Figure 7b. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of -Full Scale or +Full Scale untrimmed 
deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes the effect of offset error. (5) 
This is the time delay after the ADS7807 is brought out of Power Down Mode until all internal settling occurs and the analog input is acquired to rated accuracy. 
A Convert Command after this delay will yield accurate results. (6) All specifications in dB are referred to a full-scale input. (7) Full-Power Bandwidth defined as 
Full-Scale input frequency at which Signal-to-(Noise + Distortion) degrades to 60dB. (8) Recovers to specified performance after 2 X FS input overvoltage. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs: R1 1N 

+25V 

R2 IN 

+25V 

CAP 

V ANA +0.3V to AGND2 -0.3V 

REF 

Indefinite Short to AGND2, 


Momentary Short to V ANA 

Ground Voltage Differences: DGND, AGND1 , and AGND2 +0.3V 

V 

v ANA 

7V 

V DIG toV ANA 

+0.3V 

v D1G 

7V 


-0.3V to V DIG +0.3V 

Maximum Junction Temperature 

,..r+165°C 

Internal Power Dissipation 

825mW 

Lead Temperature (soldering, 10s) 

+300° C 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that this integrated circuit 
be handled and stored using appropriate ESD protection 
methods. 



ORDERING INFORMATION 


MODEL 

MAXIMUM 

INTEGRAL 
LINEARITY 
ERROR (LSB) 

GUARANTEED 

NO MISSING 
CODE LEVEL 
(LSB) 

MINIMUM 

SIGNAL-TO- 
(NOISE + DISTORTION) 
RATIO (dB) 

SPECIFICATION 

TEMPERATURE 

RANGE 

PACKAGE 

ADS7807P 

±3 

15 

83 

-40°C to +85°C 

Plastic DIP 

ADS7807PB 

±1.5 

16 

86 

-40°C to +85°C 

Plastic DIP 

ADS7807U 

±3 

15 

83 

-40°C to +85 °C 

SOIC 

ADS7807UB 

±1.5 

16 

86 

-40°C to +85°C 

SOIC 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7807P 

Plastic DIP 

246 

ADS7807PB 

Plastic DIP 

246 

ADS7807U 

SOIC 

217 

ADS7807UB 

SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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PIN# 

NAME 

DIGITAL 

I/O 

DESCRIPTION 

1 

R1i N 


Analog Input. See Figure 7. 

2 

AGND1 


Analog Ground. 

mm 

R2| N 


Analog Input. See Figure 7. 

n 

CAP 


Reference Buffer Capacitor. 2.2pF tantalum to ground. 

M 

REF 


Reference Input/Output. 2.2pF tantalum capacitor to ground. 

6 

AGND2 


Analog Ground. 

7 

SB/BTC 

1 

Selects Straight Binary or Binary Two’s Complement for Output Data Format. 

8 

EXT/INT 

1 

External/Internal data clock select. 

9 

D7 

0 

Data Bit 7 if BYTE is HIGH. Data bit 15 (MSB) if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. Leave 
unconnected when using serial output. 

10 

D6 

0 

Data Bit 6 if BYTE is HIGH. Data bit 14 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

11 

D5 

0 

Data Bit 5 if BYTE is HIGH. Data bit 13 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

12 

D4 

o 

Data Bit 4 if BYTE is HIGH. Data bit 12 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

13 

D3 

0 

Data Bit 3 if BYTE is HIGH. Data bit 11 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. ! 

14 

DGND 


Digital Ground. 

15 

D2 

0 

Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

16 

D1 

0 

Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. 

17 

DO 

0 

Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z whenCS is HIGH and/or R/C is LOW. 

18 

DATACLK 

I/O 

Data Clock Output when EXT/INT is LOW. Data clock input when EXT/INT is HIGH. 

19 

SDATA 

0 

Serial Output Synchronized to DATACLK. 

20 

TAG 

1 

Serial Input When Using an External Data Clock. 

21 

BYTE 

1 

Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH). 

22 

R/C 

1 

With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C 
enables the parallel output. 

23 

CS 

1 

Internally OR’d with R/C. If R/C is LOW, a falling edge on CS initiates a new conversion. If EXT/Wf is LOW, this same 
falling edge will start the transmission of serial data results from the previous conversion. 

24 

BUSY 

0 

At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs 
have been updated. 

25 

PWRD 

1 

PWRD HIGH shuts down all analog circuitry except the reference. Digital circuitry remains active. 

26 

REFD 

1 

REFD HIGH shuts down the internal reference. External reference will be required for conversions. 

27 

Vana 


Analog Supply. Nominally +5V. Decouple with 0.1 pF ceramic and lOpF tantalum capacitors. 

28 

VdIG 


Digital Supply. Nominally +5V. Connect directly to pin 27. Must be < V ANA . 


TABLE I. Pin Assignments. 


PIN CONFIGURATION 


TABLE II. Input Range Connections. See also Figure 7. 




- 




R1,n 

JL 


□ 

V DIG 

AGND1 

B 


B 

Vana 

R2 in 



26 

REFD 

CAP 



- 

PWRD 

REF 



- 

BUSY 

AGND2 

T. 


23 

CS 

SB/BTC 

[I 

ADS7807 

22 

R/C 

EXT/INT 

8 


21 

BYTE 

D7 

I 


20 

TAG 

D6 | 

« 



SDATA 

D5 | 

El 


EE 

DATACLK 

D4 

El 


EE 

DO 

D3 

EE 


EE 

D1 

DGND 

EE 


EE 

D2 


ANALOG 

INPUT 

RANGE 

CONNECT R1 in 
VIA 200Q 

TO 

CONNECT R2 |n 

viAioon 

TO 

IMPEDANCE 

±10V 

V, N 

CAP 

45.7k£2 

0V to 5V 

AGND 

V IN 

20.0kQ 

OV to 4V 

V, N 

v, N 

21 .4k Q 


mm 
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SINAD (dB) SINAD (dB) Amplitude (dB) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, f s = 40kHz, V DIG == V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 
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SIGNAL-TO-(NOISE + DISTORTION) 
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SIGNAL-TO-(NOISE + DISTORTION) vs INPUT FREQUENCY 
AND INPUT AMPLITUDE (T A = +25°C) 
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A.C. PARAMETERS vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, f s = 40kHz, V D1G = V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 


POWER SUPPLY RIPPLE SENSITIVITY 
INL/DNL DEGRADATION PER LSB OF P-P RIPPLE 



0 8192 16384 24576 32768 40960 49152 57344 65536 


Decimal Code 


ENDPOINT ERRORS (20V BIPOLAR RANGE) ENDPOINT ERRORS (UNIPOLAR RANGES) 



-75 -50 -25 0 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 100 125 150 

Temperature (°C) Temperature (°C) 


INTERNAL REFERENCE VOLTAGE vs TEMPERATURE 

2.520 
2.515 

£ 2510 

§ 2.505 

| 2.500 
tr 

1 2.495 
$> 

~ 2.490 
2.485 
2.480 

-75 -50 -25 0 25 50 75 100 125 150 

Temperature (°C) 



CONVERSION TIME vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 150 

Temperature (°C) 



A/D CONVERTERS, DATA ACQUISITION COMPONENTS 





For Immediate Assistance, Contact Your Local Salesperson 


BASIC OPERATION 

PARALLEL OUTPUT 

Figure la shows a basic circuit to operate the ADS7807 with 
a ±10V input range and parallel output. Taking pin 22 LOW 
for a minimum of 40ns (12|is max) will initiate a conversion. 
Pin 24 will go LOW and stay LOW until the conversion is 
completed and the output register is updated. If pin 21 is 
LOW, the 8 most significant bits will be valid when pin 24 
rises; if pin 21 is HIGH, the 8 least significant bits will be 
valid when pin 24 rises. Data will be output in Binary Two’s 
Complement format. Pin 24 going HIGH can be used to 
latch the data. After the first byte has been read, pin 21 can 
be toggled allowing the remaining byte to be read. All 
convert commands will be ignored while pin 24 is LOW. 

The ADS7807 will begin tracking the input signal at the end 
of the conversion. Allowing 25ps between convert com- 
mands assures accurate acquisition of a new signal. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

SERIAL OUTPUT 

Figure lb shows a basic circuit to operate the ADS7807 with 
a ±10V input range and serial output. Taking pin 22 LOW 
for 40ns (12ps max) will initiate a conversion and output 


valid data from the previous conversion on pin 19 synchro- 
nized to 16 clock pulses output on pin 18. Pin 24 will go 
LOW and stay LOW until the conversion is completed and 
the serial data has been transmitted. Data will be output in 
Binary Two’s Complement format, MSB first, and will be 
valid on both the rising and falling edges of the data clock. 
Pin 24 going HIGH can be used to latch the data. All convert 
commands will be ignored while pin 24 is LOW. 

The ADS7807 will begin tracking the input signal at the end 
of the conversion. Allowing 25ps between convert com- 
mands assures accurate acquisition of a new signal. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

STARTING A CONVERSION 

The combination of CS (pin 23) and R/C (pin 22) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7807 in the hold state and starts conversion ‘n’. BUSY 
(pin 24) will go LOW and stay LOW until conversion ‘n’ is 
completed and the internal output register has been updated. 
All new convert commands during BUSY LOW will be 
ignored. CS and/or R/C must go HIGH before BUSY goes 
HIGH or a new conversion will be initiated without suffi- 
cient time to acquire a new signal. 



FIGURE 1. Basic ±10V Operation, both Parallel and Serial Output. 
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The ADS7807 will begin tracking the input signal at the end 
of the conversion. Allowing 25ps between convert com- 
mands assures accurate acquisition of a new signal. Refer to 
Tables III and IV for a summary of CS, R/C, and BUSY 
states and Figures 2 through 6 for timing diagrams. 


CS 

R/C 

BUSY 

OPERATION 

1 

X 

X 

None. Databus is in Hi-Z state. 

4 

0 

1 

Initiates conversion “n”. Databus remains 
in Hi-Z state. 

0 

4 

1 

Initiates conversion “n”. Databus enters Hi-Z 
state. 

0 

1 

T 

Conversion “n” completed. Valid data from 
conversion “n” on the databus. 

4 

1 

1 

Enables databus with valid data from 
conversion “n”. 

4 

1 

0 

Enables databus with valid data from 
conversion “n-l”* 1 '. Conversion n in progress. 

0 

T 

0 

Enables databus with valid data from 
conversion “n-l”^). Conversion “n” in progress. 

0 

0 

T 

New conversion initiated without acquisition 
of a new signal. Data will be invalid. CS and/or 
R/C must be HIGH when BUSY goes HIGH. 

X 

X 

0 

New convert commands ignored. Conversion 
“n” in progress. 

NOTE: (1) See Figures 2 and 3 for constraints on data valid from 
conversion “n-1 ”. 


Table III. Control Functions When Using Parallel Output 
(DATACLK tied LOW, EXT/INT tied HIGH). 


CS and R/C are internally OR’d and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If, however, it is critical that CS or 
R/C initiates conversion ‘n’, be sure the less critical input is 
LOW at least 10ns prior to the initiating input. If EXT/INT 
(pin 8) is LOW when initiating conversion ‘n’, serial data 
from conversion ‘n-1’ will be output on SDATA (pin 19) 
following the start of conversion ‘n’. See Internal Data 
Clock in the Reading Data section. 

To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. This will 
have no effect when using the internal data clock in the seriall 
output mode. However, the parallel output and the serial| 
output (only when using an external data clock) will be 
affected whenever R/C goes HIGH. Refer to the Reading 
Data section. 

READING DATA 

The ADS7807 outputs serial or parallel data in Straight 
Bin ary o r Binary Two’s Complement data output format. If 
SB/BTC (pin 7) is HIGH, the output will be in SB format, 
and if LOW, the output will be in BTC format. Refer to 
Table V for ideal output codes. 

The parallel output can be read without affecting the internal 
output registers; however, reading the data through the serial 


CS 

R/C 

BUSY 

EXT/INT 

DATACLK 

OPERATION 

4 

0 

1 

0 

Output 

Initiates conversion “n”. Valid data from conversion “n-1” clocked out on SDATA. 

0 

4 

1 

0 

Output 

Initiates conversion “n”. Valid data from conversion “n-1” clocked out on SDATA. 

4 

0 

1 

1 

Input 

Initiates conversion “n”. Internal clock still runs conversion process. 

0 

4 

1 

1 

Input 

Initiates conversion “n”. Internal clock still runs conversion process. 

4 

1 

1 

1 

Input 

Conversion "n” completed. Valid data from conversion “n” clocked out on SDATA synchronized 
to external data clock. 

4 

1 

0 

1 

Input 

Valid data from conversion “n-1” output on SDATA synchronized to external data clock. 
Conversion “n” in progress. 

0 

T 

0 

1 

Input 

Valid data from conversion “n-1” output on SDATA synchronized to external data clock. 
Conversion “n” in progress. 

0 

0 

T 

X 

X 

New conversion initiated without acquisition of a new signal. Data will be invalid. CS and/or R/C 
must be HIGH when BUSY goes HIGH. 

X 

X 

0 

X 

X 

New convert commands ignored. Conversion “n” in progress. 

NOTE: (1) See Figures 4, 5, and 6 for constraints on data valid from conversion “n-1”. 


Table IV. Control Functions When Using Serial Output. 


DESCRIPTION 



Full-Scale Range 

Least Significant Bit (LSB) 

±10 

305|o,V 

0V to 5V 
76|iV 

0V to 4V 

61 nV 


STRAIGHT BINARY 
(SB/BTC HIGH) 




HEX 







BINARY CODE 

CODE 

+Full Scale (FS - 1LSB) 

9.999695V 

4.999924V 

3.999939V 

0111 1111 1111 1111 

7FFF 

1111 1111 1111 1111 

FFFF 

Midscale 

0V 

2.5V 

2V 

0000 0000 0000 0000 

0000 

1000 0000 0000 0000 

8000 

One LSB Below Midscale 

-305|iV 

2.499924V 

1.999939V 

1111 1111 1111 1111 

FFFF 

0111 1111 1111 1111 

7FFF 

-Full Scale 

-10 V 

OV 

OV 

1000 0000 0000 0000 

8000 

0000 0000 0000 0000 

0000 


Table V. Output Codes and Ideal Input Voltages. 
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port will shift the internal output registers one bit per data 
clock pulse. As a result, data can be read on the parallel port 
prior to reading the same data on the serial port. But data 
cannot be read through the serial port prior to reading the 
same data on the parallel port. 

PARALLEL OUTPUT 

To use the parallel output, tie EXTANT (pin 8) HIGH and 
DATACLK (pin 18) LOW. SDATA (pin 19) should be left 
unconnected. The parallel output will be active when R/C 
(pin 22) is HIGH and CS (pin 23) is LOW. Any other 
combination of CS and R/C will tri-state the parallel output. 
Valid conversion data can be read in two 8-bit bytes on D7- 
DO (pins 9-13 and 15-17) . When BYTE (pin 21) is LOW, 
the 8 most significant bits will be valid with the MSB on D7. 
When BYTE is HIGH, the 8 least significant bits will be 
valid with the LSB on DO. BYTE can be toggled to read both 
bytes within one conversion cycle. 


PARALLEL OUTPUT (After a Conversion) 

After conversion ‘ n’ is co mpleted and the output registers 
have been updated, BUSY (pin 24) will go HIGH. Valid data 
from conve rsion ‘n ’ will be available on D7-D0 (pin 9-13 
and 15-17). BUSY going high can be used to latch the data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 

PARALLEL OUTPUT (During a Conversion) 

After conversion ‘n’ has been initiated, valid data from 
conversion ‘n-1’ can be read and will be valid up to 12ps 
after the start of conversion *n\ Do not attempt to read data 
from 12ps after the start of conversion ‘n’ until BUSY (pin 
24) goes HIGH; this may result in reading invalid data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 
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SERIAL OUTPUT 

Data can be clocked out with the internal data clock or an 
external data clock. When using serial output, be careful 
with the parallel outputs, D7-D0 (pins 9-13 and 15-17), as 
these pins will come out of Hi-Z state whenever CS (pin 23) 
is LOW and R/C (pin 22) is HIGH. The serial output can not 
be tri-stated and is always active. Refer to the Applications 
Information section for specific serial interfaces. 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

t, 

Convert Pulse Width 

0.04 


12 

ps 

t 2 

Data Valid Delay after R/C LOW 


19 

20 

ps 

t 3 

BUSY Delay from 

Start of Conversion 



85 

ns 

t 4 

BUSY LOW 


19 

20 

ps 

t 5 

BUSY Delay after 

End of Conversion 


90 


ns 

t 6 

Aperture Delay 


40 


ns 

t 7 

Conversion Time 


19 

20 

ps 

t 8 

Acquisition Time 



5 

ps 

*9 

Bus Relinquish Time 

10 


83 

ns 

*10 

BUSY Delay after Data Valid 

20 

60 


ns 

t„ 

Previous Data Valid 
after Start of Conversion 

12 

19 


ps 

*12 

Bus Access Time and BYTE Delay 



83 

ns 

t 13 

Start of Conversion 
to DATACLK Delay 


1.4 


ps 

t t4 

DATACLK Period 


1.1 


ps 

*15 

Data Valid to DATACLK 

HIGH Delay 

20 

75 


ns 

*16 

Data Valid after DATACLK 
LOW Delay 

400 

600 


ns 

t 17 

External DATACLK Period 

100 



ns 

*18 

External DATACLK LOW 

40 



ns 

*19 

External DATACLK HIGH 

50 



ns 

*20 

CS and R/C to External 
DATACLK Setup Time 

25 



ns 

*21 

R/C to CS Setup Time 

10 



ns 

*22 

Valid Data after DATACLK HIGH 

25 



ns 

*7 + *8 

Throughput Time 



25 

ps 


TABLE VI. Conversion and Data Timing. T A = -40°C to 
+85°C. 


INTERNAL DATA CLOCK (During Conversion) 

To use the internal data clock, tie EXT/INT (pin 8) LOW. 
The combination of R/C (pin 22) and CS (pin 23) LOW will 
initiate conversion ‘n’ and activate the internal data clock 
(typically 900kHz clock rate). The ADS7807 will output 16 
bits of valid data, MSB first, from conversion ‘n-1’ on 
SDATA (pin 19), synchronized to 16 clock pulses output on 
DATACLK (pin 18). The data will be valid on both the 
rising a nd fallin g edges of the internal data clock. The rising 
edge of BUSY (pin 24) can be used to latch the data. After 
the 16th clock pulse, DATACLK will remain LOW until the 
next conversion is initiated, while SDATA will go to what-l 
ever logic level was input on TAG (pin 20) during the firstl 
clock pulse. Refer to Table VI and Figure 4. 

EXTERNAL DATA CLOCK 

To use an external data clock, tie EXT/INT (pin 8) HIGH. The 
external data clock is not a conversion clock; it can only be 
used as a data clock. To enable the output mode of the 
ADS7807, CS (pin 23) must be LOW and R/C (pin 22) must 
be HIGH. DATACLK must be HIGH for 20% to 70% of the 
total data clock period; the clock rate can be between DC and 
10MHz. Serial data from conversion ‘n’ can be output on 
SDATA (pin 19) after conversion ‘n’ is completed or during 
conversion ‘n + 1’. 

Note! The number of control lines can be reduced by tying 
CS LOW while using R/C to initiate conversions and acti- 
vate the output mode of the conver ter. From 12ps after the 
start of conversion ‘n’ until BUSY rises, the internal logic 
will shift conversion ‘n’ results into the output register. 
During this period of the conversion cycle, the external data 
clock must be LOW (when in read mode) or the ADS7807 
must be taken out of the read mode (when using a continu- 
ous external data clock). Violating this condition may result 
in data loss. 
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FIGURE 5. Conversion and Read Timing with External Clock (EXT/INT Tied HIGH) Read after Conversion. 

BURgJBROWN® 

2.260 Burr-Brown IC Data Book — Data Conversion Products 


















Or, Call Customer Service at 1-800-548-6132 (USA Only) 



FIGURE 6. Conversion and Read Timing with External Clock (EXT/INT tied HIGH) Read During a Conversion. 


EXTERNAL DATA CLOCK 
(After a Conversion) 

After conversion ‘n’ is completed and the output registers 
have been updated, BUSY (pin 24) will go HIGH. With CS 
LOW and R/C HIGH, valid data from conversion ‘n’ will be 
output on SDATA (pin 19) synchronized to the external data 
clock input on DATACLK (pin 18). The MSB will be valid 
on the first falling edge and the second rising edge of the 
external data clock. The LSB will be valid on the 16th falling 
edge and 17th rising edge of the data clock. TAG (pin 20) 
will input a bit of data for every external clock pulse. The 
first bit input on TAG will be valid on SDATA on the 17th 
falling edge and the 18th rising edge of DATACLK; the 
second input bit will be valid on the 1 8th falling edge and the 
19th rising edge, etc. With a continuous data clock, TAG 
data will be output on SDATA until the internal output 
registers are updated with the results from the next conver- 
sion. Refer to Table VI and Figure 5. 

EXTERNAL DATA CLOCK 
(During a Conversion) 

After conversion ‘n’ has been initiated, valid data from 
conversion ‘n-1’ can be read and will be valid up to 12jus 
after the start of conversion ‘n\ Do not attempt to clock out 
data from 12(ns after the start of conversion ‘n’ until BUSY 
(pin 24) rises; this will result in data loss. NOTE: For the 
best possible performance when using an external data 
clock, data should not be clocked out during a conversion. 
The switching noise of the asynchronous data clock can 
cause digital feedthrough degrading the converter’s perfor- 
mance. Refer to Table VI and Figure 6. 
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TAG FEATURE 

TAG (Pin 20) inputs serial data synchronized to the external 
or internal data clock. 

When using an external data clock, the serial bit stream input 
on TAG will follow the LSB output on SDATA until the 
internal output register is updated with new conversion 
results. See Table VI and Figures 5 and 6. 

The logic level input on TAG for the first rising edge of the 
internal data clock will be valid on SDATA after all 16 bits 
of valid data have been output. 

INPUT RANGES 

The ADS7807 offers three input ranges: standard ±10V and 
0-5V, and a 0-4V range for complete, single supply systems. 
Figures 7a and 7b show the necessary circuit connections for 
implementing each input range and optional offset and gain 
adjust circuitry. Offset and full scale erroF 1 ) specifications 
are tested and guaranteed with the fixed resistors shown in 
Figure 7b. Adjustments for offset and gain are described in 
the Calibration section of this data sheet. 

The offset and gain are adjusted internally to allow external 
trimming with a single supply. The external resistors com- 
pensate for this adjustment and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 

The input impedance, summarized in Table II, results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and the external resistors 


NOTE: (1) Full scale error includes offset and gain errors measured at both 
+FS and -FS. 
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used for each input range. The input resistor divider network 
provides inherent overvoltage protection guaranteed to at least 
±25 V. 

The digital output will increase for an increasing analog input 
until digital full scale has been achieved (7FFF for Binary 
Two’s Complement); likewise for a decreasing analog signal 
(8000 for Binary Two’s Complement). 

The 1% resistors used for the external circuitry do not compro- 
mise the accuracy or drift of the converter. They have little 
influence relative to the internal resistors, and tighter toler- 
ances are not required. 


CALIBRATION 

The ADS7807 can be trimmed in hardware or software. The 
offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required. 

HARDWARE CALIBRATION 

To calibrate the offset and gain of the ADS7807, install the 
proper resistors and potentiometers as shown in Figure 7a. The 
calibration range is ±15mV for the offset and ±60mV for the 
gain. 
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SOFTWARE CALIBRATION 

To calibrate the offset and gain of the ADS7807, no external 
resistors are required. See the No Calibration section for 
details on the effects of the external resistors. Refer to Tables 
VII and VIII for range of offset and gain errors with and 
without external resistors. 



WITH 

EXTERNAL 

RESISTORS 

WITHOUT 

EXTERNAL 

RESISTORS 

UNITS 

BPO 

-10 < BPZ < 10 
-33 < BPZ < 33 

-45 < BPZ < 5 
-147 < BPZ < 16 

mV 

LSBs 

Gain 

Error 

-0.5 < error < 0.5 
-0.25 < error < 0.250) 

-0.6 < error < -0.55 
-0.45 < error < -0.30) 

% of FSR 

NOTE: (1) High Grade. 


TABLE VII. Bipolar Offset and Gain Errors With and 
Without External Resistors. 



WITH 

EXTERNAL 

RESISTORS 

WITHOUT 

EXTERNAL 

RESISTORS 

UNITS 

UPO 

-3 < BPZ < 3 
-10 < BPZ <10 

-15 < BPZ <-3 
-49 < BPZ < -9 

mV 

LSBs 

Gain 

Error 

-0.5 < error < 0.5 
-0.25 < error < 0.250) 

-1 .25 < error < -0.25 
-1 < error < -0.500) 

% of FSR 

NOTE: (1) High Grade. 


TABLE VIII. Unipolar Offset and Gain Errors With and 
Without External Resistors. 


NO CALIBRATION 

See Figure 7b for circuit connections. The external resistors 
shown in Figure 7b may not be necessary in some applica- 
tions. These resistors provide compensation for an internal 
adjustment of the offset and gain which allows calibration 
with a single supply. The nominal transfer functions, both 
bipolar and unipolar will be bound by the shaded region seen 
in Figures 8 and 9 when the external resistors are not used. The 
typical bipolar offset will be -20mV with a typical gain error 
of -0.60%. The typical unipolar offset will be -9m V with a 
typical gain error of -0.75%. Refer to Tables VII and VIII for 
range of offset and gain errors with and without external! 
resistors. | 

REFERENCE 

The ADS7807 can operate with its internal 2.5V reference or 
an external reference. By applying an external reference to 
pin 5, the internal reference can be bypassed; REFD (pin 26) 
tied HIGH will power-down the internal reference reducing 
the overall power consumption of the ADS7807 by approxi- 
mately 5mW. 

The internal reference has approximately a 15 ppm/°C drift 
(typical) and accounts for approximately 20% of the full 
scale error (FSE = ±0.5% for low grade, ±0.25% for high 
grade). 


Digital 

Output 



FIGURE 8. Bipolar Transfer Function. 
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Digital Digital 

Output Output 



■ Range ot Transfer Function 
Without External Resistors 


FIGURE 9. Unipolar Transfer Functions. 


The ADS7807 also has an internal buffer for the reference 
voltage. See Figure 10 for characteristic impedances at the 
input and output of the buffer with all combinations of 
power down and reference down. 

REF 

REF (pin 5) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2pF capacitor should be 
connected as close to the REF pin as possible. This capacitor 
and the output resistance of REF create a low pass filter to 
bandlimit noise on the reference. Using a smaller value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. See Figure 10. 

The range for the external reference is 2.3V to 2.7V and 
determines the actual LSB size. Increasing the reference 
voltage will increase the full scale range and the LSB size of 
the converter which can improve the SNR. 




PWRD 0 
REFD 0 

PWRD 0 
REFD 1 

PWRD 1 
REFD 0 

PWRD 1 
REFD 1 

2-CAP (Q) 

1 

1 

200 

200 

Zref (Q) 

6k 

100M 

6k 



CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
2.2jliF capacitor should be placed as close to the CAP pin as 
possible to provide optimum switching currents for the 
CD AC throughout the conversion cycle. This capacitor also 
provides compensation for the output of the buffer. Using a 
capacitor any smaller than lpF can cause the output buffer 
to oscillate and may not have sufficient charge for the 
CDAC. Capacitor values larger than 2.2pF will have little 
affect on improving performance. See Figures 10 and 11. 

The output of the buffer is capable of driving up to 1mA of 
current to a DC load. Using an external buffer will allow the 
internal reference to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance degra- 
dation of the converter. 

REFERENCE 
AND POWER DOWN 

The ADS7807 has analog power down and reference power 
down capabilities via PWRD (pin 25) and REFD (pin 26) 
respectively. PWRD and REFD HIGH will power down all 
analog circuitry maintaining data from the previous conver- 
sion in the internal registers, provided that the data has not 
already been shifted out through the serial port. Typical 
power consumption in this mode is 50|iW. Power recovery 
is typically 1ms. With +5V applied to V DIG , the digital 
circuitry of the ADS7807 remains active at all times, regard- 
less of PWRD and REFD states. 


FIGURE 10. Characteristic Impedances of Internal Buffer. 
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PWRD 

PWRD HIGH will power down all of the analog circuitry 
except for the reference. Data from the previous conversion 
will be maintained in the internal registers and can still be 
read. With PWRD HIGH, a convert command yields mean- 
ingless data. 

REFD 

REFD HIGH will power down the internal 2.5V reference. 
All other analog circuitry, including the reference buffer, 
will be active. REFD should be HIGH when using an 
external reference to minimize power consumption and the 
loading effects on the external reference. See Figure 10 for 
the characteristic impedance of the reference buffer’s input 
for both REFD HIGH and LOW. The internal reference 
consumes approximately 5mW. 



FIGURE 11. Power-Down to Power-Up Time to Rated 
Accuracy vs Capacitor Value on CAP. 


LAYOUT 

POWER 

For optimum performance, tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the ADS7807 uses 90% of its power for the analog 
circuitry. The ADS7807 should be considered as an analog 
component. 

The +5V power for the ADS should be separate from the 
+5V used for the system’s digital logic. Connecting V DIG 
(pin 28) directly to a digital supply can reduce converter 
performance due to switching noise from the digital logic. 
For best performance, the +5 V supply can be produced from 
whatever analog supply is used for the rest of the analog 
signal conditioning. If + 12V or +15 V supplies are present, a 
simple +5V regulator can be used. Although it is not sug- 
gested, if the digital supply must be used to power the 
converter, be sure to properly filter the supply. Either using 
a filtered digital supply or a regulated analog supply, both 
V DIG and V ANA should be tied to the same +5V source. 


GROUNDING 

Three ground pins are present on the ADS7807. D gnd is the 
digital supply ground. A GND2 is the analog supply ground. 
A GN di the ground which all analog signals internal to the 
A/D are referenced. A GND1 is more susceptible to current 
induced voltage drops and must have the path of least 
resistance back to the power supply. 

All the ground pins of the ADC should be tied to an analog 
ground plane, separated from the system’s digital logic 
ground, to achieve optimum performance. Both analog and 
digital ground planes should be tied to the “system” grounds 
as near to the power supplies as possible. This helps tol 
prevent dynamic digital ground currents from modulating! 
the analog ground through a common impedance to power 
ground. 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
A/D converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. The 
amount of charge injection due to the sampling FET switch 
on the ADS7807 is approximately 5-10% of the amount on 
similar ADCs with the charge redistribution DAC (CD AC) 
architecture. There is also a resistive front end which attenu- 
ates any charge which is released. The end result is a 
minimal requirement for the drive capability on the signal 
conditioning preceding the A/D. Any op amp sufficient for 
the signal in an application will be sufficient to drive the 
ADS7807. 

The resistive front end of the ADS7807 also provides a 
guaranteed ±25V overvoltage protection. In most cases, this 
eliminates the need for external over voltage protection 
circuitry. 

INTERMEDIATE LATCHES 

The ADS7807 does have tri-state outputs for the parallel 
port, but intermediate latches should be used if the bus will 
be active during conversions. If the bus is not active during 
conversion, the tri- state outputs can be used to isolate the 
A/D from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic A/D 
converter. The ADS7807 has an internal LSB size of 38pV. 
Transients from fast switching signals on the parallel port, 
even when the A/D is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. 


Km 


Burr-Brown IC Data Book — Data Conversion Products 


2.265 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS Cl ADS7807 




For Immediate Assistance, Contact Your Local Salesperson 


APPLICATIONS INFORMATION 

TRANSITION NOISE 

Apply a DC input to the ADS7807 and initiate 1000 conver- 
sions. The digital output of the converter will vary in output 
codes due to the internal noise of the ADS7807. This is true 
for all 16-bit SAR converters. The transition noise specifica- 
tion found in the electrical specifications section is a statis- 
tical figure which represents the one sigma limit or rms 
value of these output codes. 

Using a histogram to plot the output codes, the distribution 
should appear bell-shaped with the peak of the bell curve 
representing the nominal output code for the input voltage 
value. The ±1 g, ±2o, and ±3o distributions will represent 
68.3%, 95.5%, and 99.7% of all codes. Multiplying TN by 
6 will yield the ±3c distribution or 99.7% of all codes. 
Statistically, up to 3 codes could fall outside the 5 code 
distribution when executing 1000 conversions. The ADS7807 
has a TN of 0.8 LSBs which yields 5 output codes for a ±3g 
distribution. See Figures 12 and 13 for 1000 and 10,000 
conversion histogram results. 

AVERAGING 

The noise of the converter can be compensated by averaging 
the digital codes. By averaging conversion results, transition 
noise will be reduced by a factor of 1/Vn where n is the 
number of averages. For example, averaging four conver- 
sion results will reduce the TN by 1/2 to 0.4 LSBs. Averag- 
ing should only be used for input signals with frequencies 
near DC. 

For AC signals, a digital filter can be used to lowpass filter 
and decimate the output codes. This works in a similar 
manner to averaging: for every decimation by two, the 
signal-to-noise ratio will improve 3dB. 


5671 



FIGURE 13. Histogram of 10,000 Conversions with Input 
Grounded. 

QSPI INTERFACING 

Figure 14 shows a simple interface between the ADS7807 to 
any QSPI equipped microcontroller. This interface assumes 
that the convert pulse does not originate from the 
microcontroller and that the ADS7807 is the only serial 
peripheral. 

Before enabling the QSPI interface, the microcontroller 
must monitor the slave select line. When a transitio n from 
LOW to HIGH occurs on Slave Select (SS) from BUSY 
(indicating the end of the current conversion), the port can 
be enabled. If this is not done, the microcontroller and the 
A/D may be “out-of-sync”. 


581 



FIGURE 12. Histogram of 1000 Conversions with Input 
Grounded. 


Convert Pulse 



QSPI 



ADS7807 




— 

R/C 

PCS0/SS 


— 

BUSY 

MOSI 


— 

SDATA 

SCK 


— 

DATACLK 



i— 

CS 



’ — 

EXT/INT 




BYTE 


CPOL = 0 (Inactive State is LOW) 
CPHA = 1 (Data valid on falling edge) 
QSPI port is in slave mode. 


FIGURE 14. QSPI Interface to the ADS7807. 
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Figure 15 shows another interface between the ADS7807 
and a QSPI equipped microcontroller which allows the 
microcontroller to give the convert pulses while also allow- 
ing multiple peripherals to be connected to the serial bus. 
This interface and the following discussion assume a master 
clock for the QSPI interface of 16.78MHz. Notice that the 
serial data input of the microcontroller is tied to the MSB 
(D7) of the ADS7807 instead of the serial output (SDATA). 
Using D7 instead of the serial port offers tri-state capability 
which allows other peripherals to be connected to the MISO 
pin. When communication is desired with those peripherals, 
PCSO and PCS1 should be left HIGH; that will keep D7 tri- 
stated. 



FIGURE 15. QSPI Interface to the ADS7807. Processor 
Initiates Conversions. 


In this configuration, the QSPI interface is actually set to do 
two different serial transfers. The first, an eight bit transfer, 
causes PCSO (R/C) and PCS1 (CS) to go LOW starting a 
conversion. The second, a sixteen bit transfer, causes only 
PCS1 (CS) to go LOW. This is when the valid data will be 
transferred. 

For both transfers, the DT register (delay after transfer) is 
used to cause a 19ps delay. The interface is also set up to 
wrap to the beginning of the queue. In this manner, the QSPI 
is a state machine which generates the appropriate timing for 
the ADS7807. This timing is thus locked to the crystal based 
timing of the microcontroller and not interrupt driven. So, 
this interface is appropriate for both AC and DC measure- 
ments. 

For the fastest conversion rate, the baud rate should be set to 
two (4.19MHz SCK), DT set to ten, the first serial transfer 
set to eight bits, the second set to 16 bits, and DSCK 
disabled (in the command control byte). This will allow for 
a 23kHz maximum conversion rate. For slower rates, DT 
should be increased. Do not slow SCK as this may increase 
the chance of affecting the conversion results or accidently 
initiating a second conversion during the first eight bit 
transfer. 

In addition, CPOL and CPHA should be set to zero (SCK 
normally LOW and data captured on the rising edge). The 


command control byte for the eight bit transfer should be set 
to 20H and for the sixteen bit transfer to 61H. 

SPI INTERFACE 

The SPI interface is generally only capable of 8-bit data 
transfers. For some microcontrollers with SPI interfaces, it 
might be possible to receive data in a similar manner as 
shown for the QSPI interface in Figure 14. The 
microcontroller will probably have to fetch the 8 most 
significant bits before the contents are overwritten by the 
least significant bits. ■ 

A modified version of the QSPI interface shown in Figure 15l 
might be possible. For most microcontrollers with SPI inter-® 
face, the automatic generation of the start-of-conversion 
pulse will be impossible and will have to be done with 
software. This will limit the interface to ‘DC’ applications 
due to the insufficient jitter performance of the convert pulse 
itself. 

DSP56000 INTERFACING 

The DSP56000 serial interface has SPI compatibility mode 
with some enhancements. Figure 16 shows an interface 
between the ADS7807 and the DSP56000 which is very 
similar to the QSPI interface seen in Figure 14. As men- 
tioned in the QSPI section, the DSP56000 must enable the 
interface when a LOW to HIGH transition on SCI is 
observed (BUSY going HIGH at the end of conversion). 



FIGURE 16. DSP56000 Interface to the ADS7807. 


The DSP56000 can also provide the convert pulse by includ- 
ing a monostable multi- vibrator as seen in Figure 17. The 
receive and transmit sections of the interface are decoupled 
(asynchronous mode) and the transmit section is set to 
generate a word length frame sync every other transmit 
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frame (frame rate divider set to two). The prescale modulus 
should be set to three. 

The monostable multi- vibrator in this circuit will provide 
varying pulse widths for the convert pulse. The pulse width 
will be determined by the external R and C values used with 
the multi- vibrator. The 74HCT123N data sheet suggests that 
the pulse width is (0.7) RC. Choosing a pulse width as close 
to the minimum value specified in this data sheet will offer 


the best performance. See the Starting A Conversion sec- 
tion of this data sheet for details on the conversion pulse 
width. 

The maximum conversion rate for a 20.48MHz DSP56000 
is exactly 40kHz. Note that this will not be the case for the 
ADS7806. See the ADS7806 data sheet for more informa- 
tion. 



SCD2 = 1 (SC2 is an output) 

SHFD = 0 (Shift MSB first) 

WL1 = 1 WLO = 0 (Word lengths 1 6 bits) 


FIGURE 17. DSP56000 Interface to the ADS7807. Processor Initiates Conversions. 
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ADS7808 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


12-Bit 10|is Serial CMOS Sampling 
ANALOG-to-DIGITAL CONVERTER 


FEATURES 


• 100kHz SAMPLING RATE 

• 72dB SINAD WITH 45kHz INPUT 

• ±1/2 LSB INL AND DNL 

• SIX SPECIFIED INPUT RANGES 

• SERIAL OUTPUT 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 16-BIT ADS7809 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• lOOmW MAX POWER DISSIPATION 

• 20-PIN 0.3” PLASTIC DIP AND SOIC 

• SIMPLE DSP INTERFACE 


DESCRIPTION 

The ADS7808 is a complete 12-bit sampling A/D 
using state-of-the-art CMOS structures. It contains a 
12-bit capacitor-based SAR A/D with S/H, reference, 
clock, and a serial data interface. Data can be output 
using the internal clock, or can be synchronized to an 
external data clock. The ADS7808 also provides an 
output synchronization pulse for ease of use with 
standard DSP processors. 

The ADS7808 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser- 
trimmed scaling resistors provide various input ranges 
including ±10V and 0V to 5V, while an innovative 
design operates from a single +5V supply, with power 
dissipation under lOOmW. 

The 20-pin ADS7808 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C range. 
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SPECIFICATIONS 


ELECTRICAL 

T a = -40°C to +85°C, f s = 100kHz, V D , G = V ANA = +5V, using internal reference and fixed resistors as shown in Figure 4, unless otherwise specified. 




ADS7808P/U 

ADS7808PB/UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 



* 

Bits 

ANALOG INPUT 









Voltage Ranges 



±10V, 0V to 5V, etc. (See Table 1) 



Impedance 




See Table 1 




Capacitance 



35 



* 


PF 

THROUGHPUT SPEED 









Conversion Time 



5.7 

8 


* 

* 

M-S 

Complete Cycle 

Acquire and Convert 



10 



* 

MS 

Throughput Rate 


100 






kHz 

DC ACCURACY 









Integral Linearity Error 




±0.9 



±0.45 

LSB (1) 

Differential Linearity Error 




±0.9 



±0.45 

LSB 

No Missing Codes 



Guaranteed 



* 



Transition Noise' 2 ) 



0.1 



* 


LSB 

Full Scale Error' 34 ) 




±0.5 



±0.25 

% 

Full Scale Error Drift 



±7 



±5 


ppm/°C 

Full Scale Error' 34 ) 

Ext. 2.5000V Ref 



±0.5 



±0.25 

% 

Full Scale Error Drift 

Ext. 2.5000V Ref 


±2 



* 


ppm/°C 

Bipolar Zero Error' 3 ) 

Bipolar Ranges 



±10 



* 

mV 

Bipolar Zero Error Drift 

Bipolar Ranges 


±2 



±2 


ppm/°C 

Unipolar Zero Error' 31 

Unipolar Ranges 



±3 



* 

mV 

Unipolar Zero Error Drift 

Unipolar Ranges 


±2 



* 


ppm/°C 

Recovery to Rated Accuracy 

1 p.F Capacitor to CAP 


1 



* 


ms 

after Power Down 









Power Supply Sensitivity 

+4.75V < V D < +5.25V 



±0.5 



* 

LSB 

(V D ,G = V ANA = V D ) 









AC ACCURACY 









Spurious-Free Dynamic Range 

f IN = 45kHz 

80 

90 


* 

* 


dB< 5 ) 

Total Harmonic Distortion 

f IN = 45kHz 


-90 

-80 


*. 

' * 

dB 

Signal-to-(Noise+DistortiOn) 

f IN = 45kHz 

70 

73 


72 

* 


dB 

Signal-to-Noise 

f IN = 45kHz 

70 

73 


72 

* 


dB 

Full-Power Bandwidth' 6 ) 



250 



* 


kHz 

SAMPLING DYNAMICS 









Aperture Delay 



40 



* 


ns 

Aperture Jitter 


Sufficient to meet AC specs 


* 


ns 

Transient Response 

FS Step 



2 



* 

MS 

Overvoltage Recovery' 7 ) 



150 



* 


ns 

REFERENCE 









Internal Reference Voltage 

No Load 

2.48 

2.5 

2.52 

* 

* 

* 

V 

Internal Reference Source Current 



1 



* 


ha 

(Must use external buffer) 









External Reference Voltage Range 


2.3 

2.5 

2.7 


* 

* 

V 

for Specified Linearity 









External Reference Current Drain 

Ext. 2.5000V Ref 



100 



* 

ma 

DIGITAL INPUTS 









Logic Levels 









V,L 


-0.3 


+0.8 

* 


* 

V 

V| H 


+2.0 


V D +0.3V 

* 


* 

V 

l,L 

V 1L = OV 



±10 



* 

ma 

•|H 

V| H = 5V 



±10 



* 

fiA 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 

ELECTRICAL 

T a = -^0°C to +85°C, f s = 100kHz, V DIG = V ANA = +5V, using internal reference and fixed resistors shown in Figure 4, unless otherwise specified. 

I I I ADS7808P/U I ADS7808PB/UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX | 

| MIN 

TYP 

MAX 

UNITS 

DIGITAL OUTPUTS 

Data Format 




Serial 

12-bits 




Data Coding 



Binary Two's Complement or Straight Binary 



Pipeline Delay 


j Conversion results only available after completed conversion. 


Data Clock 



Selectable for internal or external data clock 



Internal 

EXT/iNT LOW 


2.3 



* 


MHz 

(Output Only When 

Transmitting Data) 









External 

EXT/iNT HIGH 

0.1 


10 

* 


* 

MHz 

(Can Run Continually) 









V 0L 

•sink = "• -6mA 



+0.4 



* 

V 

VoH 

•source = 500|iA 

+4 



* 



V 

Leakage Current 

High-Z State, 

V OUT =0V to V DIG 



±5 




pA 

Output Capacitance 

High-Z State 



15 



15 

PF 

POWER SUPPLIES 

Specified Performance 









Vdig 

Must be < V ANA 

+4.75 

+5 

+5.25 

* 

* 

* 

V 

v ANA 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

•dig 



0.3 



* 


mA 

l ANA 



16 



* 


mA 

Power Dissipation: PWRD LOW 

V D1G = V ANA = 5V, f s = 100kHz 



100 



* 

mW 

PWRD HIGH 



50 



* 


pW 

TEMPERATURE RANGE 

Specified Performance 




+85 

* 


* 

°C 

Derated Performance 


-55 


+125 

* 


* 

°C 

Storage 

Thermal Resistance (0 JA ) 


-65 


+150 




°c 

Plastic DIP 



75 





°c/w 

SOIC 



75 





°cw 


NOTES: (1) LSB means Least Significant Bit. For the ±10V input range, one LSB is 4.88m V. (2) Typical rms noise at worst case transitions and temperatures. (3) 
As measured with fixed resistors in Figure 4. Adjustable to zero with external potentiometer. (4) For bipolar input ranges, full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes 
the effect of offset error. For unipolar input ranges, full scale error is the deviation of the last code transition divided by the transition voltage. It also includes the 
effect of offset error. (5) All specifications in dB are referred to a full-scale ±1 0V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which Signal- 
to (Noise + Distortion) degrades to 60dB. (7) Recovers to specified performance after 2 x FS input overvoltage. 

ABSOLUTE MAXIMUM RATINGS /C7\ ELECTROSTATIC 


Analog Inputs: R1 IN ... 

R2| N ... 
R3 in ... 
CAP.. 


±25V 

±25V 

±25V 

•• V A m A + 0.3V to AGND2 -0.3V 


REF Indefinite Short to AGND2, 

Momentary Short to V ANA 

Ground Voltage Differences: DGND, AGND2 ±0.3V 

V ANA 7V 

V dig t0 V ANA +0.3 

V d ,g 7V 

Digital Inputs -0.3V to V DIG +0.3V 

Maximum Junction Temperature +165°C 

Internal Power Dissipation 700mW 

Lead Temperature (soldering, 10s) +300°C 


ODERING INFORMATION 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that this integrated circuit be handled 
and stored using appropriate ESD protection methods. 

PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 


ADS7808P 

ADS7808PB 

ADS7808U 

ADS7808UB 


20-Pin Plastic DIP 
20-Pin Plastic DIP 
20-Pin SOIC 
20-Pin SOIC 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


MODEL 

MAXIMUM 
LINEARITY 
ERROR (LSB) 

MINIMUM 
SIGNAL-TO- 
(NOISE + DISTORTION) 
RATIO(dB) 

SPECIFICATION 
TEMPERATURE 
RANGE (°C) 

PACKAGE 

ADS7808P 

±0.9 

70 

-40°C to +85°C 

20-Pin Plastic DIP 

ADS7808PB 

±0.45 

72 

-40°C to +85°C 

20-Pin Plastic DIP 

ADS7808U 

±0.9 

70 

-40°C to +85 °C 

20-Pin SOIC 

ADS7808UB 

±0.45 

72 

-40°C to +85°C 

20-Pin SOIC 


Burr-Brown IC Data Book — Data Conversion Products 


ERTERS, DATA ACQUISITION COMPONENTS Q ADS7808 










PIN ASSIGNMENTS 
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MM 

NAME 

DESCRIPTION 

n 

R1,n 

Analog Input. See Table 1 and Figure 4 for input range connections. 


AGND1 

Analog Ground. Used internally as ground reference point. Minimal current flow. 

IS 

R2 lN 

Analog Input. See Table 1 and Figure 4 for input range connections. 

4 

R3, n 

Analog Input. See Table 1 and Figure 4 for input range connections. 

5 

CAP 

Reference Buffer Capacitor. 2.2|iF Tantalum to ground. 

6 

REF 

Reference Input/Output. Outputs internal 2.5V reference. Can also be driven by external system reference. In both cases, 
bypass to ground with a 2.2pF Tantalum capacitor. 

7 

AGND2 

Analog Ground. 

8 

SB/BTC 

Select Straight Binary or Binary Two’s Complement data output format. If HIGH, data will be output in a Straight Binary format. If 

LOW, data will be output in a Binary Two’s complement format. 

9 

EXT/INT 

Select External or Internal Clock for transmitting data. If HIGH, data will be output synchronized to the clock input on DATACLK. If 

LOW, a convert command will initiate the transmission of the data from the previous conversion, along with 12 clock pulses output 
on DATACLK. 

10 

DGND 

Digital Ground. 

11 

SYNC 

Synch Output. If EXT/INT is HIGH, either a rising edge on R/C with CS LOW or a falling edge on CS with R/C HIGH will output a 
pulse on SYNC synchronized to the external DATACLK. 

12 

DATACLK 

Either an input or an output depending on the EXT/INT level. Output data will be synchronized to this clock. If EXT/INT is LOW, 
DATACLK will transmit 12 pulses after each conversion, and then remain LOW between conversions. 

13 

DATA 

Serial Data Output. Data will be synchronized to DATACLK, with the format determined by the level of SB/BTC. In the external clock 
mode, after 12-bits of data, the ADS7808 will output the level input on TAG as long as CS is LOW and R/C is HIGH (see Figure 3.) If 
EXT/INT is LOW, data will be valid on both the rising and falling edges of DATACLK, and between conversions DATA will stay at the 
level of the TAG input when the conversion was started. 

14 

TAG 

Tag Input for use in external clock mode. If EXT/INT is HIGH, digital data input on TAG will be output on DATA with a delay of 12 
DATACLK pulses as long as CS is LOW and R/C is HIGH. See Figure 3. 

15 

R/C 

Read/Convert Input. With CS LOW, a falling edge on R/C puts the internal sample/hold into the hold state and starts a conversion. 

When EXT/INT is LOW, this also initiates the transmission of the data results from the previous conversion. If EXT/INT is HIGH, a 
rising edge on R/C with CS LOW, or a falling edge on CS with R/C HIGH, transmits a pulse on SYNC and initiates the transmission of 
data from the previous conversion. 

16 

CS 

Chip Select. Internally OR’ed with R/C. 

17 

BUSY 

Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the data is latched into the 
output shift register. CS or R/C must be HIGH when BUSY rises, or another conversion will start without time for signal acquisition. 

18 

PWRD 

Power Down Input. If HIGH, conversions are inhibited and power consumption is significantly reduced. Results from the previous 
conversion are maintained in the output shift register. 

19 

V ANA 

Analog Supply Input. Nominally +5V. Connect directly to pin 20, and decouple to ground with 0.1 pF ceramic and 10pF Tantalum 
capacitors. 

20 

^DIG 

Digital Supply Input. Nominally +5V. Connect directly to pin 19. Must be < V ANA . 


PIN CONFIGURATION 




20 | V DIG 

AGND1 | 2 


j^ANA 

R2 in |T 


18 | PWRD 

R3, n |T 


17 | BUSY 

CAP | 5 

ADS7808 

|CO 

lo 

s 

refPT 


15 ] R/C 

AGND2 |~7~ 


14 | TAG 

SB/BTC [~8~ 


13 | DATA 

EXT/INT [~9~ 


12 | DATACLK 

DGND [~10~ 


11 | SYNC 


ANALOG 

INPUT 

RANGE 

CONNECT R1 |N 
VIA 200Q 

TO 

CONNECT R2 |N 
VIA 100Q 

TO 

CONNECT R3 |N 
TO 

IMPEDANCE 

±10V 

V, N 

AGND 

CAP 

22.9kQ 

±5V 

AGND 

V ,N 

CAP 

13.3kQ 

±3.33 

V, N 

V,N 

CAP 

10.7kfl 

0V to 10V 

AGND 

V ,N 

AGND 

13.3k£2 

0V to 5V 

AGND 

AGND 

V, M 

lO.OkLJ 

0V to 4V 

V, N 

AGND 

V, N 

10.7k£2 


TABLE I. Input Range Connections. See Figure 4 for com- 
plete information. 


Burr-Brown IC Data Book — Data Conversion Products 




2.272 











Or, Call Customer Service at 1-800-548-6132 (USA Only) 


SYMBOL 

DESCRIPTION 





t, 

Convert Pulse Width 

40 


4500 

ns 

t 2 

BUSY Delay 



65 

ns 

t 3 

BUSY LOW 



8 

M-S 

t 4 

BUSY Delay after 

End of Conversion 


220 


ns 

t 5 

Aperture Delay 


40 


ns 

^6 

Conversion Time 


5.7 

8 

ps 

t 7 

Acquisition Time 



2 

M-S 

t 6 +t 7 

Throughput Time 


9 

10 

ps 

t 8 

R/C LOW to DATACLK Delay 


450 


ns 

^9 

DATACLK Period 


440 


ns 

^10 

Data Valid to DATACLK 

HIGH Delay 

20 

75 


ns 

til 

Data Valid after 
DATACLK LOW Delay 

100 

125 


ns 

U 

External DATACLK Period 

100 



ns 

l 1 3 

External DATACLK HIGH 

20 



ns 

tl4 

External DATACLK LOW 

30 



ns 

tl5 

DATACLK HIGH 

Setup Time 

20 


t 12 + 5 

ns 

U 

R/C to CS 

Setup Time 

10 



ns 

tl7 

SYNC Delay After 
DATACLK HIGH 

15 


35 

ns 

tie 

Data Valid Delay 

25 


55 

ns 

tie 

CS to Rising Edge Delay 

25 



ns 

t 20 

Data Available after CS LOW 

4.5 



M-S 


TABLE II. Conversion and Data Timing T A = -40°C to 
+85°C. 



FIGURE 1. Basic Conversion Timing. 



mm 
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SPECIFIC FUNCTION 

CS 

R/C 

BUSY 

EXT/INT 

DATACLK 

PWRD 

SB/BTC 

OPERATION 

Initiate Conversion and 
Output Data Using 

Internal Clock 

1>0 

0 

1 

0 

Output 

0 

X 

Initiates conversion “n”. Data from conversion “n-1 ” 
clocked out on DATA synchronized to 12 clock 
pulses ouput on DATACLK. 


0 

1>0 

1 

0 

Output 

0 

X 

Initiates conversion “n”. Data from conversion “n-1” 
clocked out on DATA synchronized to 12 clock 
pulses output on DATACLK. 

Initiate Conversion and 

1>0 

0 

1 

1 

Input 

0 

X 

Initiates conversion “n”. 

Output Data Using External 
Clock 

0 

1>0 

1 

1 

Input 

0 

X 

Initiates conversion “n”. 


1>0 

1 

1 

1 

Input 

X 

X 

Outputs a pulse on SYNC followed by data from 
conversion “n” clocked out synchronized to external 
DATACLK. 


1>0 

1 

0 

1 

Input 

0 

X 

Outputs a pulse on SYNC followed by data from 
conversion “n-1 ” clocked out synchronized to 
external DATACLK. (1) Conversion “n” in process. 


0 

0>1 

0 

1 

Input 

0 

X 

Outputs a pulse on SYNC followed by data from 
conversion “n-1 ” clocked out synchronized to 
externa DATACLK . (1) Conversion “n” in process. 

Incorrect Conversions 

0 

0 

0>1 

X 

X 

0 

X 

CS or R/C must be HIGH or a new conversion will 
be initiated without time for acquisition. 

Power Down 

X 

X 

X 

X 

X 

0 

X 

Analog circuitry powered. Conversion can proceed. 


X 

X 

X 

X 

X 

1 

X 

Analog circuitry disabled. Data from previous 
conversion maintained in output registers. 

Selecting Output Format 

X 

X 

X 

X 

X 

X 

0 

Serial data is output in Binary Two’s Complement 
format. 


X 

X 

X 

X 

X 

X 

1 

Serial data is output in Straight Binary format. 


NOTE: (1) See Figure 3b for constraints on previous data valid during conversion. 

Table III. Control Truth Table. 


DESCRIPTION 

ANALOG INPUT 

DIGITAL OUTPUT 

BINARY TWO’S 
COMPLEMENT 
(SB/BTC LOW) 

STRAIGHT BINARY 
(SB/BTC HIGH) 

BINARY CODE 

HEX 

CODE 

BINARY CODE 

HEX 

CODE 

Full-Scale Range 

±10 

±5 

±3.33V 

OV to 5V 

OV to 10V 

OV to 4V 





Least Significant Bit (LSB) 

4.88mV 

2.44mV 

1.63mV 

1 ,22mV 

2.44mV 

0.98mV 





+Full Scale (FS-1LSB) 

9.99512V 

4.99756V 

3.33171V 

4.99878V 

9.99756V 

3.99902V 

0111 1111 1111 

7FF 

1111 1111 1111 

FFF 

Midscale 

OV 

OV 

OV 

2.5V 

5V 

2V 

0000 0000 0000 

000 

1000 0000 0000 

800 

One LSB Below Midscale 

-4.88mV 

-2.44mV 

-1.63mV 

2.49878V 

4.99756V 

1 .99902V 

1111 1111 1111 

FFF 

0111 1111 1111 

7FF 

-Full Scale 

-10V 

-5V 

-3.333333V 

OV 

OV 

OV 

1000 0000 0000 

800 

0000 0000 0000 

000 


Table IV. Output Codes and Ideal Input Voltages. 
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FIGURE 3b. Conversion and Read Timing with External Clock. (EXT/INT Tied HIGH.) Read During Conversion (Previous Conversion Results). 
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Input Range 


Without Trim 


With Trim 

(Adjust offset first at OV, then adjust gain) 




2.2pF =J= 50kfl WV — T ' 

f oo,, 



FIGURE 4a. Offset/Gain Circuits for Unipolar Input Ranges. 
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BURR - BROWN 



ADS7809 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


16-Bit lOjis Serial CMOS Sampling 
ANALOG-to-DIGITAL CONVERTER 


FEATURES 


• 100kHz SAMPLING RATE 

• 86dB SINAD WITH 45kHz INPUT 

• ±1.5 LSB INL 

• DNL: 16-Bits “No Missing Codes” 

• SIX SPECIFIED INPUT RANGES 

• SERIAL OUTPUT 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 12-BIT ADS7808 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• lOOmW MAX POWER DISSIPATION 

• 20-PIN 0.3" PLASTIC DIP AND SOIC 

• SIMPLE DSP INTERFACE 


DESCRIPTION 

The ADS7809 is a complete 16-bit sampling A/D 
using state-of-the-art CMOS structures. It contains a 
16-bit capacitor-based SAR A/D with S/H, reference, 
clock, and a serial data interface. Data can be output 
using the internal clock, or can be synchronized to an 
external data clock. The ADS7809 also provides an 
output synchronization pulse for ease of use with 
standard DSP processors. 

The ADS7809 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser- 
trimmed scaling resistors provide various input ranges 
including ±10V and 0V to 5V, while an innovative 
design operates from a single +5V supply, with power 
dissipation under lOOmW. 

The 20-pin ADS7809 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C range. 


Power 

R/C CS Down 
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SPECIFICATIONS 


ELECTRICAL 

T a = -40°C to +85°C, f s = 1 0OkHz, V DIG = V ANA = +5V, using internal reference and fixed resistors as shown in Figure 4, unless otherwise specified. 




ADS7809P/U 

ADS7809PB/UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 



* 

Bits 

ANALOG INPUT 









Voltage Ranges 



±10 

0V to 5V, etc. (See Table 1) 



Impedance 




See Table 1 




Capacitance 



35 



* 


PF 

THROUGHPUT SPEED 

Conversion Time 



7.6 

8 


.* 

* 

ps 

Complete Cycle 

Acquire and Convert 



10 



* 

ps 

Throughput Rate 


100 






kHz 

DC ACCURACY 

Integral Linearity Error 




±3 



±1.5 

LSB* 1 ) 

Differential Linearity Error 




+3, -2 



+1.5, -1 

LSB 

No Missing Codes 


15 



16 



Bits 

Transition Noise® 



1.3 



* 


LSB 

Full Scale Error® 4 ) 




±0.5 



±0.25 

% 

Full Scale Error Drift 



±7 



±5 


ppm/°C 

Full Scale Error) 3 ' 4 ) 

Ext. 2.5000V Ref 



±0.5 



±0.25 

% 

Full Scale Error Drift 

Ext. 2.5000V Ref 


±2 



* 


ppm/°C 

Bipolar Zero Error® 

Bipolar Ranges 



±10 



* 

mV 

Bipolar Zero Error Drift 

Bipolar Ranges 


±2 



* 


ppm/°C 

Unipolar Zero Error® 

Unipolar Ranges 



±3 



* 

mV 

Unipolar Zero Error Drift 

Unipolar Ranges 


±2 



* 


ppm/°C 

Recovery to Rated Accuracy 

IpF Capacitor to CAP 


1 



* 


ms 

after Power Down 

Power Supply Sensitivity 

+4.75V < V D < +5.25V 



±8 



* 

LSB 

(V D1Q = V ANA = V D ) 









AC ACCURACY 

Spurious-Free Dynamic Range 

f IN = 45kHz 

90 

100 


96 

* 


dB® 

Total Harmonic Distortion 

f 1N = 45kHz 


-100 

-90 


* 

-96 

dB 

Signal-to-(Noise+Distortion) 

f IN = 45kHz 

83 

88 


86 

* 


dB 


-60dB Input 


30 



32 


dB 

Signal-to-Noise 

f IN = 45kHz 

83 

88 


86 

* 


dB 

Full-Power Bandwidth® 



250 



* 


kHz 

SAMPLING DYNAMICS 

Aperture Delay 



40 



* 


ns 

Aperture Jitter 


Sufficient to meet AC specs 


* 


ns 

Transient Response 

FS Step 



2 



* 

ps 

Overvoltage Recovery* 7 ) 



150 



* 


ns 

REFERENCE 

Internal Reference Voltage 

No Load 

2.48 

2.5 

2.52 


* 

* 

V 

Internal Reference Source Current 



1 





pA 

(Must use external buffer) 

External Reference Voltage Range 


2.3 

2.5 

2.7 

* 


* 

V 

For Specified Linearity 

External Reference Current Drain 

Ext. 2.5000V Ref 



100 



* 

pA 

DIGITAL INPUTS 

Logic Levels 









v IL 


-0.3 


+0.8 

* 


* 

V 

V| H 


+2.0 


V d +0.3V 

* 


* 

V 

I.L 

V IL = OV 



±10 



* 

pA 

l|H 

V| H = 5V 



±10 



* 

pA 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 


T a = -40°C to +85°C, f s = 100kHz, V DIG = V ANA = +5V, using internal reference and fixed resistors as shown in Figure 4, unless otherwise specified. 




ADS7809P/U 

ADS7809PB/UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL OUTPUTS 









Data Format 




Seria 

1 16-bits 




Data Coding 



Binary Two’s Complement or Straight Binary 



Pipeline Delay 


Conversion results only available after completed conversion. 


Data Clock 



Selectable for internal or external data clock 



Internal 

EXT/INT LOW 


2.3 



* 


MHz _ 

(Output Only When 









Transmitting Data) 









External 

EXT/INT HIGH 

0.1 


10 

* 


* 


(Can Run Continually) 








HMH 

V 0 L 

'sink = 1 -6mA 



+0.4 



* 


Voh 

'source = 500pA 

+4 



* 




Leakage Current 

High-Z State, 



±5 



* 



V OUT = 0 V to V D)G 








Output Capacitance 

High-Z State 



15 



15 

PF 

POWER SUPPLIES 









Specified Performance 









Vdig 

Must be < V ANA 

+4.75 

+5 

+5.25 

* 

* 

* 

V 

V A na 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

'dig 



0.3 



* 


mA 

'ana 



16 



* 


mA 

Power Dissipation: PWRD LOW 

V A na - V D1G = 5V, f s = 100kHz 



100 



* 

mW 

PWRD HIGH 



50 



* 


pW 

TEMPERATURE RANGE 









Specified Performance 


-40 


+85 

* 


* 


Derated Performance 


-55 


+125 

* 


* 


Storage 


-65 


+150 

* 


* 


Thermal Resistance (0 JA ) 









Plastic DIP 



75 



* 


°C/W 

SOIC 



75 



* 


°C/W 


NOTES: (1) LSB means Least Significant Bit. For the ±10V input range, one LSB is 305pV. (2) Typical rms noise at worst case transitions and temperatures. (3) 
As measured with fixed resistors shown in Figure 4. Adjustable to zero with external potentiometer. (4) For bipolar input ranges, full scale error is the worst case 
of -Full Scale dr +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and 
includes the effect of offset error. For unipolar input ranges, full scale error is the deviation of the last code transition divided by the transition voltage. It also includes 
the effect of offset error. (5) All specifications in dB are referred to a full-scale ±10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which 
Signal-to-(Noise+Distortion) degrades to 60dB. (7) Recovers to specified performance after 2 x FS input overvoltage. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs: R1 IN .. 

R2 |N .. 
R3 in .. 
CAP. 
REF . 


±25V 

±25V 

±25V 

V ana + 0.3V to AGND2 -0.3V 
. Indefinite Short to AGND2, 


Momentary Short to V ANA 


Ground Voltage Differences: DGND, AGND2 ±0.3V 

V ANA 7V 

V DIG toV ANA +0.3 

V o,3 7V 

Digital Inputs -0.3V to V DIG +0.3V 

Maximum Junction Temperature +165°C 

Internal Power Dissipation 700mW 

Lead Temperature (soldering, 10s) +300°C 



ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that this integrated circuit be handled 
and stored using appropriate ESD protection methods. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7809P 

20-Pin Plastic DIP 

222 

ADS7809PB 

20-Pin Plastic DIP 

222 

ADS7809U 

20-Pin SOIC 

221 

ADS7809UB 

20-Pin SOIC 

221 


ORDERING INFORMATION 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


MODEL 

MAXIMUM 
LINEARITY 
ERROR (LSB) 

GUARANTEED 
NO MISSING 
CODE LEVEL 
(LSB) 

MINIMUM 
SIGNAL-TO- 
(NOISE + DISTORTION) 
RATIO (dB) 

SPECIFICATION 
TEMPERATURE 
RANGE (°C) 

PACKAGE 

ADS7809P 

±3 

15 

83 

-40°C to +85°C 

20-Pin Plastic DIP 

ADS7809PB 

±1.5 

16 

86 

-40°C to +85°C 

20-Pin Plastic DIP 

ADS7809U 

±3 

15 

83 

-40°C to +85°C 

20-Pin SOIC 

ADS7809UB 

±1.5 

16 

86 

— 40°C to +85°C 

20-Pin SOIC 


HH 
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PIN ASSIGNMENTS 
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EM 

NAME 

DESCRIPTION 

i 

R1,n 

Analog Input. See Table 1 and Figure 4 for input range connections. 

2 

AGND1 

Analog Ground. Used internally as ground reference point. Minimal current flow. 

3 

R2 in 

Analog Input. See Table 1 and Figure 4 for input range connections. 

4 

R3, n 

Analog Input. See Table 1 and Figure 4 for input range connections. 

5 

CAP 

Reference Buffer Capacitor. 2.2pF Tantalum to ground. 

6 

REF 

Reference Input/Output. Outputs internal 2.5V reference. Can also be driven by external system reference. In both cases, 
bypass to ground with a 2.2pF Tantalum capacitor. 

7 

AGND2 

Analog Ground. 

8 

sb/bTc 

Select Straight Binary or Binary Two’s Complement data output format. If HIGH, data will be output in a Straight Binary format. If 

LOW, data will be output in a Binary Two’s Complement format. 

9 

EXT/INT 

Select External or Internal Clock for transmitting data. If HIGH, data will be output synchronized to the clock input on DATACLK. If 

LOW, a convert command will initiate the transmission of the data from the previous conversion, along with 16 clock pulses output 
on DATACLK. 

10 

DGND 

Digital Ground. 

11 

SYNC 

Synch Output. If EXT/INT is HIGH, either a rising edge on R/C with CS LOW or a falling edge on CS with R/C HIGH will output a 
pulse on SYNC synchronized to the external DATACLK. 

12 

DATACLK 

Either an input or an output depending on the EXT/INT level. Output data will be synchronized to this clock. If EXT/INT is LOW, 
DATACLK will transmit 16 pulses after each conversion, and then remain LOW between conversions. 

13 

DATA 

Serial Data Output. Data will be synchronized to DATACLK, with the format determined by the level of SB/BTC. In the external clock 
mode, after 16-bits of data, the ADS7809 will output the level input on TAG as long as CS is LOW and R/C is HIGH (see Figure 3.) If 
EXT/INT is LOW, data will be valid on both the rising and falling edges of DATACLK, and between conversions DATA will stay at the 
level of the TAG input when the conversion was started. 

14 

TAG 

Tag Input for use in external clock mode. If EXT/INT is HIGH, digital data input on TAG will be output on DATA with a delay of 16 
DATACLK pulses as long as CS is LOW and R/C is HIGH. See Figure 3. 

15 

R/C 

Read/Convert Input. With CS LOW, a falling edge on R/C puts the internal sample/hold into the hold state and starts a conversion. 

When EXT/INT is LOW, this also initiates the transmission of the data results from the previous conversion. If EXT/INT is HIGH, a 
rising edge on R/C with CS LOW, or a falling edge on CS with R/C HIGH, transmits a pulse on SYNC and initiates the transmission of 
data from the previous conversion. 

16 

CS 

Chip Select. Internally OR’ed with R/C. 

17 

BUSY 

Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the data is latched into the 
output shift register. CS or R/C must be HIGH when BUSY rises, or another conversion will start without time for signal acquisition. 

18 

PWRD 

Power Down Input. If HIGH, conversions are inhibited and power consumption is significantly reduced. Results from the previous 
conversion are maintained in the output shift register. 

19 

V ANA 

Analog Supply Input. Nominally +5V. Connect directly to pin 20, and decouple to ground with 0.1 pF ceramic and lOpF Tantalum 
capacitors. 

20 

VpiG 

Digital Supply Input. Nominally +5V. Connect directly to pin 19. Must be < V ANA . 


PIN CONFIGURATION 


R1|n[jL 

^7 

20]v dig 

AGND1 | 2 



R2, n [T 


18 | PWRD 

R3 in |T 


17 | BUSY 

CAP | 5 

ADS7809 

|CO 

lo 

0 

REF [~6~ 


15 | R/C 

AGND2 |~7~ 


14 | TAG 

SB/BTC [~8~ 


13 | DATA 

EXT/INT |~9~ 


12 | DATACLK 

DGND [~10~ 


11 | SYNC 


ANALOG 

INPUT 

RANGE 

CONNECT R1 [N 
VIA 200ft 

TO 

CONNECT R2 |N 
VIA 100ft 

TO 

CONNECT R3 |N 
TO 

IMPEDANCE 

±10V 

V IN 

AGND 

CAP 

22.9kft 

±5V 

AGND 

v ]N 

CAP 

13.3kft 

±3.33V 

V,N 

V| N 

CAP 

10.7kft 

0V to 10V 

AGND 

V|n 

AGND 

13.3kft 

0V to 5V 

AGND 

AGND 

V, N 

lO.Okft 

0V to 4V 

V, N 

AGND 

v IN 

10.7kft 


TABLE I. Input Range Connections. See Figure 4 for com- 
plete information. 
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SYMBOL 

DESCRIPTION 




^53 

t. 

Convert Pulse Width 

40 


6000 

ns 

^2 

BUSY Delay 



65 

ns 

t 3 

BUSY LOW 



8 

ps 

t 4 

BUSY Delay after 

End of Conversion 


220 


ns 

t 5 

Aperture Delay 


40 


ns 

^6 

Conversion Time 


7.6 

8 

ps 

t 7 

Acquisition Time 



2 

ps 

t 6 + t 7 

Throughput Time 


9 

10 

ps 

^8 

R/C LOW to DATACLK Delay 


450 


ns 

% 

DATACLK Period 


440 


ns 

tio 

Data Valid to DATACLK 

HIGH Delay 

20 

75 


ns 

til 

Data Valid after 
DATACLK LOW Delay 

100 

125 


ns 

tl2 

External DATACLK 

100 



ns 

tl3 

External DATACLK HIGH 

20 



ns 

1 1 4 

External DATACLK LOW 

30 



ns 

tl5 

DATACLK HIGH 

Setup Time 

20 


* 12 +5 

ns 

tie 

R/C to CS Setup Time 

10 



ns 

tl7 

SYNC Delay After 
DATACLK HIGH 

15 


35 

ns 

tl8 

Data Valid Delay 

25 


55 

ns 

tl9 

CS to Rising Edge Delay 

25 



ns 

t20 

Data Available after CS LOW 

6 



ps 


TABLE II. Conversion and Data Timing. T A = -40°C to 
+85°C. 





CS, R/C j 

-J 1 

BUSY 

H 

r -t 3 / 


L- — 3 

h- l 5 



MODE Acquire 

I Convert ] 

Acquire 



* t 6 

^ t 7 - 



FIGURE 1. Basic Conversion Timing. 



FIGURE 2. Serial Data Timing Using Internal Clock. (CS, EXT/INT and TAG Tied LOW.) 
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SPECIFIC FUNCTION 

CS 

— 

R/C 

BUSY 

EXT/INT 

DATACLK 

PWRD 

SB/BTC 

OPERATION 

Initiate Conversion and 
Output Data Using 

Internal Clock 

1>0 

0 

1 

0 

Output 

0 

X 

Initiates conversion “n”. Data from conversion “n-1 ” 
clocked out on DATA synchronized to 16 clock 
pulses ouput on DATACLK. 


0 

1>0 

1 

0 

Output 

0 

X 

Initiates conversion “n". Data from conversion “n-1” 
clocked out on DATA synchronized to 16 clock 
pulses output on DATACLK. 

Initiate Conversion and 

1>0 

0 

T 

1 

Input 

0 

X 

Initiates conversion “n”. 

Output Data Using External 
Clock 

0 

1>0 

1 

1 

Input 

0 

X 

Initiates conversion “n”. 

1>0 

1 

1 

1 

Input 

X 

X 

Outputs a pulse on SYNC followed by data from 
conversion “n” clocked out synchronized to external 
DATACLK. 


1>Q 

1 

0 

1 

Input 

0 

X 

Outputs a pulse on SYNC followed by data from 
conversion “n-1 ” clocked out synchronized to 
external DATACLK.' 1 ’ Conversion “n” in process. 


0 

0>1 

0 

1 

Input 

0 

X 

Outputs a pulse on SYNC followed by data from 
conversion “n-1 ” clocked out synchronized to 
external DATACLK . (1) Conversion “n” in process. 

Incorrect Conversions 

0 

0 

0>1 

■ 

H 

0 

X 

CS or R/C must be HIGH or a new conversion will 
be initiated without time for acquisition. 

Power Down 

mm 

u 

■ 

■ 

■ 

0 

X 

Analog circuitry powered. Conversion can proceed. 


H 

■ 

■ 

■ 

n 

1 

X 

Analog circuitry disabled. Data from previous 
conversion maintained in output registers. 

Selecting Output Format 

X 

X 

X 

X 

X 

X 

0 

Serial data is output in Binary Two’s Complement 
format. 


X 

X 

X 

X 

X 

X 

1 

Serial data is output in Straight Binary format. 


NOTE: (1) See Figure 3b for constraints on previous data valid during conversion. 
Table III. Control Truth Table. 


DESCRIPTION 

ANALOG INPUT 

DIGITAL OUTPUT I 

BINARY TWO’S COMPLEMENT 
(SB/BTC LOW) 

STRAIGHT BINARY 
(SB/BTC HIGH) 

BINARY CODE 

HEX 

CODE 

BINARY CODE 

HEX 

CODE 

Full-Scale Range 

±10 

±5 

±3.33V 

OVto 10V 

OV to 5V 

OV to 4V 





Least Significant Bit (LSB) 

305|j.V 

1 53|xV 

102nV 

153nV 

76|xV 

61 p.V 





+Full Scale (FS - 1LSB) 

9.999695V 

4.999847V 

3.333231V 

9.999847V 

4.999924V 

3.999939V 

0111 1111 1111 1111 

7FFF 

1111 1111 1111 1111 

FFFF 

Midscale 

OV 

OV 

OV 

5V 

2.5V 

2V 

0000 0000 0000 0000 

0000 

1000 0000 0000 0000 

8000 

One LSB Below Midscale 

-305|xV 

-1 53(J.V 

-102 uV 

4.999847V 

2.499924V 

1.999939V 

1111 1111 1111 1111 

FFFF 

0111 1111 1111 1111 

7FFF 

-Full Scale 

-10V 

-5V 

-3.333333V 

OV 

OV 

OV 

1000 0000 0000 0000 

8000 

0000 0000 0000 0000 

0000 


Table IV. Output Codes and Ideal Input Voltages. 
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ADS7810 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


12-Bit 800kHz Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 


FEATURES 

• 1 .25ps THROUGHPUT TIME 

• STANDARD ±10V INPUT RANGE 

• 69dB min SINAD WITH 250kHz INPUT 

• ±3/4 LSB max INL AND ±1 LSB max DNL 

• INTERNAL REFERENCE 

• COMPLETE WITH S/H, REF, CLOCK, ETC. 

• PARALLEL DATA w/LATCHES 

• 250mW max POWER DISSIPATION 

• 28-PIN 0.3" PDIP AND SOIC 


DESCRIPTION 

The ADS7810 is a complete 12-bit sampling A/D 
using state-of-the-art CMOS structures. It contains a 
complete 12-bit capacitor-based SAR A/D with inher- 
ent S/H, reference, clock, interface for microprocessor 
use, and three-state output drivers. 

The ADS7810 is specified at an 800kHz sampling 
rate, and guaranteed over the full temperature range. 
Laser-trimmed scaling resistors provide the industry- 
standard ±10V input range, while an innovative design 
allows operation from ±5V supplies, with power dis- 
sipation under 250mW. 

The 28-pin ADS7810 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C range. 


Successive Approximation Register and Control Logic 


TT T 

o»o o»o o»o 


2.5V Ref Out/In C 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800)548-6132 
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SPECIFICATIONS 


ELECTRICAL 

At T a = -40°C, to +85°C, f s = 800kHz, +V D|G = +V ANA = +5V, -V ANA = -5V, using internal reference, unless otherwise specified. 




ADS7810P, 

U 

ADS7810PB, 

UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




12 



* 

Bits 

ANALOG INPUT 

Voltage Range 



±10 



* 


V 

Impedance 



3.1 



* 


kC2 

Capacitance 



5 



* 


PF 

THROUGHPUT SPEED 

Conversion Time 



985 



* 


ns 

Complete Cycle 

Acquire & Convert 



1240 



* 

ns 

Throughput Rate 


800 



* 



kHz 

DC ACCURACY 

Integral Linearity Error 




±1 



±0.75 

LSB* 1 ) 

Differential Linearity Error 




±1 



±1 

LSB 

No Missing Codes 


Guaranteed 


* 



Transition Noise <2) 



0.1 



* 


LSB 

Full Scale Error* 3 - 4 ' 




±0.5 



±0.25 

% 

Full Scale Error Drift 



±5 



±3 


ppm/°C 

Full Scale Errors 4 > 

Ext. 2.5000V Ref 



±0.5 



±0.25 

% 

Full Scale Error Drift 

Ext. 2.5000V Ref 


±2 



* 


ppm/°C 

Bipolar Zero Error* 3 * 




±8 



±4 

LSB 

Bipolar Zero Error Drift 

Power Supply Sensitivity 



±1 



±0.5 


ppm/°C 

(+V DI G = +V ANA = V D ) 

+4. 75V < V D < +5.25V 



±5 




LSB 


-5.25V < — V ANA < -4.75V 



±0.5 



* 

LSB 

AC ACCURACY 

Spurious-Free Dynamic Range 

f IN = 250kHz 

74 



77 



dB<®> 

Total Harmonic Distortion 

f IN = 250kHz 



-74 



-77 

dB 

Signal-to-(Noise+Distortion) 

f 1N = 250kHz 

67 



69 



dB 

Signal-to-Noise 

f IN = 250kHz 

68 



70 



dB 

Full-Power Bandwidth*®) 



1.5 



* 


MHz 

SAMPLING DYNAMICS 

Aperture Delay 



20 



* 


ns 

Aperture Jitter 


Sufficient to Meet AC Specs 


* 



Transient Response 

FS Step 


100 



* 


ns 

Overvoltage Recovery* 7 ) 



150 



* 


ns 

REFERENCE 

Internal Reference Voltage 


2.48 

2.5 

2.52 

* 

* 

* 

V 

Internal Reference Source Current 



100 



* 


nA 

(Must use external buffer) 

Internal Reference Drift 



8 





ppm/°C 

External Reference Voltage Range 


2.3 

2.5 

2.7 

* 

* 

* 

V 

For Specified Linearity 

External Reference Current Drain 

Ext. 2.5000V Ref 



100 



* 

pA 

DIGITAL INPUTS 

Logic Levels 









v IL 


-0.3 


+0.8 

* 


* 

V 

V,H 


+2.4 


V D + 0.3 

* 


* 

V 

l,L 

V IL = OV 



±10 



* 

pA 

l| H 

V| H = 5V 



±10 



* 

pA 

DIGITAL OUTPUTS 









Data Format 




Parallel 12-bits 




Data Coding 




Binary Two’s Complement 



V 0 L 

Uink = "1 -6mA 



+0.4 



* 

V 

V 0 H 

^source = 500pA 

+2.8 



* 



V 

Leakage Current 

High-Z State, 

V 0 u T = 0V to V DK3 



±5 




pA 

Output Capacitance 

High-Z State 



15 



15 

PF 

DIGITAL TIMING 

Bus Access Time 




83 



* 

ns 

Bus Relinquish Time 




83 





* 

ns 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At T a = -40°C, to +85°C, f s = 800kHz, +V D1G = +V ANA = +5V, -V ANA = -5V, using internal reference, unless otherwise specified. 




ADS7810P, U 

ADS7810PB, UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLIES 

Specified Performance 









+V DIG = +V ANA 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

-V ANA 


-5.25 

-5 

-4.75 

* 

* 

* 

V 

+ *DIG 



+16 



* 


mA 

+'ana 



+16 



* 


mA 

“Una 

Derated Performance 



-13 





mA 

+ V DIG = +V ANA 


+4.5 

+5 

+5.5 

* 

* 

* 

V 

Yana 


-5.5 

-5 

-4.5 

* 

* 

* 

V 

Power Dissipation 

f s = 800kHz 



250 



* 

mW 

TEMPERATURE RANGE 

Specified Performance 


-40 


+85 

* 


* 

°C 

Derated Performance 


-55 


+125 




°C 

Storage 

Thermal Resistance (0 JA ) 


-65 


+150 

* 



°C 

Plastic DIP 



75 



* 


°C/W 

SOIC 



75 



* 


°C/W 


NOTES: (1) LSB means Least Significant Bit. For the 12-bit, ±10V input ADS7810, one LSB is 4.88mV. (2) Typical rms noise at worst case transitions and 
temperatures. (3) Measured with 50£2 in series with analog input. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of -Full Scale 
or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes the 
effect of offset error. (5) All specifications in dB are referred to a full-scale ±10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which Signal- 
to-(Noise+Distortion) degrades to 60dB, or 10 bits of accuracy. (7) Recovers to specified performance after 2 x FS input over voltage. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs: V IN **** ±25V 

CAP +V ANA +0.3V to AGND2 -0.3V 

REF Indefinite Short to AGND2 

Momentary Short to +V ANA 
Ground Voltage Differences: DGND, AGND1, AGND2 ±0.3V 


+V DIG to + V ANA 


-v ANA 

Digital Inputs 

Maximum Junction Temperature ... 

Internal Power Dissipation 

Lead Temperature (soldering, 10s) 


... +7V 
+0.3V 

7 V 

... — 7V 


-0.3V to +V DIG +0.3V 

+165°C 

825mW 

+300° C 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 


PACKAGE INFORMATION* 1 ) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7810P 

28-Pin Plastic DIP 

246 

ADS7810PB 

28-Pin Plastic DIP 

246 

ADS7810U 

28-Pin SOIC 

217 

ADS7810UB 

28-Pin SOIC 

217 


NOTE: (1 ) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

MAXIMUM 
INTEGRAL 
LINEARITY 
ERROR (LSB) 

MINIMUM 

SIGNAL-TO- 
(NOISE + 
DISTORTION) 
RATIO (dB) 

SPECIFICATION 

TEMPERATURE 

RANGE 

PACKAGE 

ADS7810P 

±1 

67 

-40°C to +85°C 

Plastic DIP 

ADS7810PB 

±0.75 

69 

-40°C to +85°C 

Plastic DIP 

ADS7810U 

±1 

67 

-40°C to +85°C 

SOIC 

ADS7810UB 

±0.75 

69 

-40°C to +85°C 

SOIC 
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PIN CONFIGURATION 


V,N |T 



~28~| 

AGND1 E 



REF [IT 


~2b] 

CAP E 


3 

AGND2 [IT 


3 

Dll (MSB) [(T 



D1 ° \T 

A H070H A 

22] 

09 E 

ADo7ol 0 

3 

08 E 


20] 

D7 [icT 


3 

D6 [TT 


3 

05 E 


3 

0 


3 

DGND [l7 


3 


+V ANA 

+V DIG 

“Vana 

BUSY 

cs 

R/C 

DGND 

+V DIG 

+ ^ana 

NCO) 

DO (ISE 
D1 
D2 
D3 


NOTE: (1) Not Internally Connected. 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

L 

Convert Pulse Width 

40 



ns 

t2 

Data Valid Delay 
After R/C LOW 


1030 

1150 

ns 

t 3 

BUSY Delay 

From R/C LOW 


85 

125 

ns 

t 4 

BUSY LOW 


1000 

1115 

ns 

ts 

BUSY Delay After 
End of Conversion 


80 


ns 


Aperture Delay 


20 


ns 

t 7 

Conversion Time 


985 

1090 

ns 

t 8 

Acquisition Time 


100 

150 

ns 

t 7 &te 

Throughput Time 


1085 

1240 

ns 

% 

Bus Relinquish Time 

20 

50 

83 

ns 

fo 

BUSY Delay 

After Data Valid 

20 

55 

90 

ns 

tn 

R/C to CS 

Setup Time 

5 



ns 

t, 2 

Time Between 
Conversions 

1250 



ns 

ti 3 

Bus Access Time 

10 

35 

83 

ns 


TABLE I. Timing Specifications (T MIN to T MAX ). 


PIN ASSIGNMENTS 


PIN# 

NAME 

DIGITAL 

I/O 

DESCRIPTION 


V, N 


Analog Input. Connect via 500 to analog input. Full-scale input range is ±10V. 


AGND1 


Analog Ground. Used internally as ground reference point. Minimal current flow. 


REF 


Reference Input/Output. Outputs internal reference of +2.5V nominal. Can also be driven by external system 

§■ 

CAP 


reference. In both cases, decouple to ground with a 0.1 pF ceramic capacitor. 

Reference Buffer Capacitor. 2.2pF tantalum to ground. 


AGND2 


Analog Ground. 

6 

Dll (MSB) 

O 

Data Bit 11. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is 

7 

D10 

0 

LOW, or when a conversion is in progress. 

Data Bit 10. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

8 

D9 

0 

Data Bit 9. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

9 

D8 

0 

Data Bit 8. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

10 

D7 

0 

Data Bit 7. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

11 

D6 

0 

Data Bit 6. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

12 

D5 

0 

Data Bit 5. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

13 

D4 

0 

Data Bit 4. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

14 

DGND 


Digital Ground. 

15 

D3 

0 

Data Bit 3. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

16 

D2 

0 

Data Bit 2. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

17 

D1 

0 

Data Bit 1. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

18 

DO (LSB) 

0 

Data Bit 0. Least Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is 

19 

20 

+ Vana 


LOW, or when a conversion is in progress. 

Not internally connected. 

Analog Positive Supply Input. Nominally +5V. Connect directly to pins 21 , 27 and 28, and decouple to ground 

21 

+Vdig 


with O.lpF ceramic and lOpF tantulum capacitors. 

Digital Supply Input. Nominally +5V. Connect directly to pins 20, 27 and 28. 

22 

DGND 


Digital ground. 

23 

R/C 

1 

Read/Convert Input. With CS LOW, a falling edge on R/C puts the internal sample/hold into the hold state and 

24 

CS 

1 

starts a conversion. With CS LOW and no conversion in progress, a rising edge on R/C enables the output 
data bits. 

Chip Select. Internally OR’d with R/C. With R/C LOW, a falling^edge on CS will initiate a conversion. With 

25 

BUSY 

0 

R/C HIGH and no conversion in progress, a falling edge on CS will enable the output data bits. 

Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the 

26 

_ V A na 


data is latched into the output register. With CS LOW and R/C HIGH, output data will be valid when BUSY 
rises, so that the rising edge can be used to read the data. 

Analog Negative Supply Input. Nominally -5V. Decouple to ground with O.lpF ceramic and lOpF tantulum 

27 

+ ^DIG 


capacitors. 

Digital Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 28. 

28 

+ Vana 


Analog Positive Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 27. 
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BASIC OPERATION 

Figure 1 shows a basic circuit to operate the ADS7810 with 
a full parallel data output. Taking R/C (pin 23) LO W for a 
minimum of 40ns will initiate a conversion. BUSY (pin 25) 
will go LOW and stay LOW until the conversion is com- 
pleted and the output registers are updated. Data will be 
output in Binary Two’s Complement with the MSB on pin 
6. BUSY going HIGH can be used to latch the data. All 
convert commands will be ignored while BUSY is LOW. 

The ADS7810 will begin tracking the input signal at the end 
of the conversion. Allowing 1.25|is between convert com- 
mands assures accurate acquisition of a new signal. 


STARTING A CONVERSION 

The combination of CS (pin 24) and R/C (pin 23) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7810 in the hold state and starts a conversion. BUSY 
(pin 25) will go LOW and stay LOW until the conversion is 
completed and the internal output regi ster ha s been updated. 
All new convert commands during BUSY LOW will be 
ignored. 

The ADS7810 will begin tracking the input signal at the end 
of the conversion. Allowing 1.25ps between convert com- 
mands assures accurate acquisition of a ne w signa l. Refer toi 
Table II for a summary of CS, R/C, and BUSY states andl 
Figures 2 through 3 for timing diagrams. I 


wm 



OPERATION 

i 

X 

X 

None. Databus in Hi-Z state. 

i 

0 

1 

Initiates conversion. Databus remains in 

Hi-Z state. 

0 

i 

1 

Initiates conversion. Databus enters Hi-Z 
state. 

0 

1 

f 

Conversion completed. Valid data from 
the most recent conversion on the databus. 

i 

1 

1 

Enables databus with valid data from the 
most recent conversion. 

l 

1 

0 

Conversion in progress. Databus enabled 
when conversion is completed. 

0 

T 

0 

Conversion in progress. Databus enabled 
when conversion is completed. 

0 

0 

T 

Conversion completed. Valid data from the 
most recent conversion in the output 
register, but outputs are still tri-stated. 

X 

X 

0 

New convert commands ignored. Conversion 
in progress. 


Table II. Control Line Functions for ‘read’ and ‘convert’. 




DIGITAL OUTPUT 

BINARY TWO’S COMPLEMENT 

DESCRIPTION 

ANALOG INPUT 

BINARY CODE 

HEX CODE 

Full Scale Range 

±10V 



Least Significant 
Bit (LSB) 

4.88mV 



♦Full Scale 
(10V- 1 LSB) 

9.995V 

0111 1111 1111 

7FF 

Midscale 

OV 

0000 0000 0000 

000 

One LSB below 
Midscale 

-4.88mV 

1111 1111 1111 

FFF 

-Full Scale 

-10 V 

1000 0000 0000 

800 


TABLE III. Ideal Input Voltages and Output Codes. 



FIGURE 1. Basic Operation 
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CS and R/C are internally OR’d and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If, however, it is critical that CS or 
R/C initiate the conversion, be sure the less critical input is 
LOW at least 5ns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. Note that 
the parallel output will be active whenever R/C is HIGH and 
no conversion is in progress. See the Reading Data section 
and refer to Table II for control line functions for ‘read’ and 
‘convert’ modes. 

READING DATA 

The ADS7810 outputs full parallel data in Binary Two’s 
Complement data output format. The parallel output will be 
active when R/C (pin 23) is HIGH, CS (pin 24) is LOW, and 
no conversion is in progress. Any other combination will tri- 
state the parallel output. Valid conversion data can be read 
in a full parallel, 12-bit word on pins 6-13 and pins 15-18. 
Refer to Table III for ideal output codes. 

After the conversi on is co mpleted and the output registers 
have been updated, BUSY (pin 25) will go HIGH. Valid data 
from the most recent conver sion w ill be available on 
D11-D0 (pins 6-13 and 15-18). BUSY going HIGH can be 
used to latch the data. Refer to Table I and Figures 2 and 3. 

Note! For the best possible performance, the external data 
bus connected to D11-D0 should not be active during a 
conversion. The switching noise of the external asynchro- 
nous data signals can cause digital feedthrough degrading 
the converter’s performance. 


The number of control lines can be reduced by tieing CS 
LOW while using R/C to initiate conversions and activate 
the output mode of the converter. See Figure 2. 

INPUT RANGES 

The ADS7810 offers a standard +10V input range. Figure 4 
shows the necessary circuit connections for the ADS78I0 
with and without external trim. Offset and full scale erroF^ 
specifications are tested and guaranteed with the 500 resis- 
tor shown in Figure 4. This external resistor makes it 
possible to trim the offset ±50mV using a trim pot or trim 
DAC. This resistor may be left out if the offset and gain are 
negligible or they will be trimmed in software. See the 
Calibration section of the data sheet for details. 

The nominal input impedance of 3.125kO results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and external 50Q 
resistor. The input resistor divider network provides inherent 
overvoltage protection guaranteed to at least ±25V. The 
50£2, 1% resistor used for the external offset adjustment 
circuitry does not compromise the accuracy or drift of the 
converter. It has little influence relative to the internal 
resistors, and tighter tolerances are not required. 

NOTE: (1) Full scale error includes offset and gain errors measured at both 
+FS and -FS. 
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FIGURE 3. Using CS to Control Conversion and Read Timing. 



FIGURE 4. Circuit Diagram With and Without External Resistors. 
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CALIBRATION 

The ADS7810 can be trimmed in hardware or software. The 
offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required. 

Hardware Calibration 

To calibrate the offset and gain of the ADS7810, install the 
proper resistors and potentiometers as shown in Figure 4. 
The calibration range is ±50mV for the offset and ±135mV 
for the gain. 

Software Calibration 

To calibrate the offset and gain of the ADS7810, no external 
resistors are required. See the No Calibration section for 
details on the effects of the external resistor. Refer to 
Table IV for range of gain errors with and without the 
external 50Q resistor. 

No Calibration 

See Figure 4 for circuit connections. The 50Q external 
resistor shown in Figure 4 may not be necessary in some 
applications. This resistor provides trim capability for the 
gain of the ADS7810. The nominal transfer function of the 
ADS7810 will be bound by the shaded region seen in 
Figure 5 with a typical offset of OmV and a typical gain error 
of -1.6%. Refer to Table IV for range of offset and gain 
errors with and without external resistors. 



WITH 

EXTERNAL 

RESISTORS 

WITHOUT 

EXTERNAL 

RESISTORS 

UNITS 

BPO 

-40 < BPO < 40 
-8 < BPO < 8 

-40 < BPO < 40 
-8 < BPO < 8 

mV 

LSBs 

Gain 

Error 

-0.5 < error < 0.5 

-2.5 < error < -1 

% of FSR 


TABLE IV. Offset and Gain Errors With and Without 
External Resistors. 


REFERENCE 

The ADS7810 can operate with its internal 2.5V reference or 
an external reference. By applying an external reference to 
pin 3, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output of the 
buffer accessible on CAP (pin 4). 

The internal reference has a 8 ppm/°C drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±0.5% for low grade, ±0.25% for high grade). 

REF 

REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 0.1 pF capacitor should be 
connected as close to the REF pin as possible. The capacitor 



FIGURE 5. Bipolar Transfer Function Without External Resistors. 
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and the output resistance of REF create a low pass filter to 
band limit noise on the reference. Using a smaller value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. 

The range for the external reference is 2.3V to 2.7V and 
determines the actual LSB size. Increasing the reference 
voltage will increase the full scale range and the LSB size of 
the converter which can improve the SNR. 

CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
2.2pF capacitor should be placed as close to the CAP as 
possible to provide optimum switching currents for the 
CD AC throughout the conversion cycle and compensation 
for the output of the buffer. Using a capacitor any smaller 
than lpF can cause the output buffer to oscillate and may not 
have sufficient charge for the CD AC. Capacitor values 
larger than 2.2|iF will have little effect on improving perfor- 
mance. The voltage on the CAP pin is approximately 2V 
when using the internal reference, or 80% of an externally 
supplied reference. 

LAYOUT 

POWER 

For optimum performance, tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. The ADS7810 uses the majority of 
its power for analog and static circuitry. The ADS 78 10 
should be considered as an analog component. 

The +5V power for the ADS should be separate from the 
+5V used for the system’s digital logic. Connecting V DIG 
(pin 21 and 27) directly to a digital supply can reduce 
converter performance due to switching noise from the 
digital logic. For best performance, the +5V supply can be 
produced from whatever analog supply is used for the rest of 
the analog signal conditioning. If +12V or +15V supplies are 
present, simple +5V and -5V regulators can be used. Al- 
though it is not suggested, if the digital supply must be used 
to power the converter, be sure to properly filter the supply. 
Either using a filtered digital supply or a regulated analog 
supply, the V DIG and V ANA pins should be tied to the same 
+5V source. 


GROUNDING 

Three ground pins are present on the ADS7810. DGND is 
the digital supply ground. AGND2 is the analog supply 
ground. AGND1 is the ground which all analog signals 
internal to the A/D are referenced. AGND1 is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance back to the power supply. 

All the ground pins of the ADS should be tied to the analog 
ground plane, separated from the system’s digital logic 
ground, to achieve optimum performance. Both analog and 
digital ground planes should be tied to the “system” ground* 
as near to the power supplies as possible. This helps tol 
prevent dynamic digital ground currents from modulatingl 
the analog ground through a common impedance to power 
ground. 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
A/D converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. The 
FET switch on the ADS7810, compared to FET switches on 
other CMOS A/D converters, releases 5% — 10% of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. The end result is a minimal 
requirement for the op amp on the front end. Any op amp 
sufficient for the signal in an application will be sufficient to 
the drive the ADS7810. 

The resistive front end of the ADS7810 also provides a 
guaranteed ±25V over voltage protection. In most cases, this 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7810 does have tri-state outputs for the parallel 
port, but intermediate latches should be used if the bus will 
be active during conversions. If the bus is not active during 
conversions, the tri-state outputs can be used to isolate the 
A/D from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic A/D 
converter. The ADS7810 has an internal LSB size of 610pV. 
Transients from fast switching signals on the parallel port, 
even when the A/D is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. 
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12-Bit 800kHz Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 


FEATURES 

• 1 .25ns THROUGHPUT TIME 

• STANDARD +2.5V INPUT RANGE 

• 69dB min SINAD WITH 250kHz INPUT 

• ±3/4 LSB max INL AND ±1 LSB max DNL 

• INTERNAL REFERENCE 

• COMPLETE WITH S/H, REF, CLOCK, ETC. 

• PARALLEL DATA w/LATCHES 

• 250mW max POWER DISSIPATION 

• 28-PIN 0.3" PDIP AND SOIC 


DESCRIPTION 

The ADS7819 is a complete 12-bit sampling A/D 
using state-of-the-art CMOS structures. It contains a 
complete 12-bit capacitor-based SAR AID with inher- 
ent S/H, reference, clock, interface for microprocessor 
use, and three-state output drivers. 

The ADS7819 is specified at an 800kHz sampling 
rate, and guaranteed over the full temperature range. 
Laser-trimmed scaling resistors provide a ±2.5V input 
range, while an innovative design allows operation 
from ±5V supplies, with power dissipation under 
250mW. 

The 28-pin ADS7819 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -40°C to +85°C range. 


Successive Approximation Register and Control Logic 


±2.5V Input C 


n t 

o»o o'o o"o 


2.5 V Ref Out/In 
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SPECIFICATIONS 

ELECTRICAL 

At T a = -40°C, to +85°C, f s = 800kHz, +V D1G = +V ANA = +5V, -V ANA = -5V, using internal reference, unless otherwise specified. 



2 




■ 


■ 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At T a = -40 °C, to +85°C, f s = 800kHz, +V DIG = +V ANA = +5V, — V ANA = -5V, using internal reference, unless otherwise specified. 




ADS7819P, U 

ADS7819PB, UB 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLIES 

Specified Performance 









+ Vdig= +V ana 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

-V A na 

■ 

-5.25 

-5 

-4.75 

* 

* 

* 

V 

+UlG 



+16 



* 


mA 


■ 


+16 



* 


mA 

Una 

Derated Performance 



-13 





mA 

+V D | G = +V ANA 


+4.5 

+5 

+5.5 

* 

* 

* 

V 

-Vana 


-5.5 

-5 

-4.5 

* 

* 

* 

V 

Power Dissipation 




250 



* 

mW 

TEMPERATURE RANGE 

Specified Performance 


-40 


+85 

m 




Derated Performance 


-55 


+125 





Storage 

Thermal Resistance (0 JA ) 


-65 


+150 


■ 

■ 


Plastic DIP 



75 






SOIC 



75 







NOTES: (1) LSB means Least Significant Bit. For the 12-bit, ±2.5V input ADS7819, one LSB is 1.22mV. (2) Typical rms noise at worst case transitions and 
temperatures. (3) Measured with 50Q in series with analog input. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of -Full Scale 
or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes the 
effect of offset error. (5) All specifications in dB are referred to a full-scale ±2.5V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which 
Signal-to-(Noise+Distortion) degrades to 60dB, or 10 bits of accuracy. (7) Recovers to specified performance after 2 x FS input over voltage. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs: V IN ±25 V 

CAP +V ANA +0.3V to AGND2 -0.3V 

REF Indefinite Short to AGND2 

Momentary Short to +V ANA 


Ground Voltage Differences: DGND, AGND1, AGND2 +0.3V 


+V ANA 

+V DIG to + V AN 

+V D1G 

-V AK)4 


... +7V 
+0.3V 

7V 

... — 7V 


Digital Inputs -0.3V to +V DIG +0.3V 

Maximum Junction Temperature +165°C 

Internal Power Dissipation 825m W 

Lead Temperature (soldering, 10s) +300°C 



ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

ADS7819P 

28-Pin Plastic DIP 

246 

ADS7819PB 

28-Pin Plastic DIP 

246 

ADS7819U 

28-Pin SOIC 

217 

ADS7819UB 

28-Pin SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

MAXIMUM 
INTEGRAL 
LINEARITY 
ERROR (LSB) 

MINIMUM 

SIGNAL-TO- 
(NOISE + 
DISTORTION) 
RATIO (dB) 

SPECIFICATION 

TEMPERATURE 

RANGE 

PACKAGE 

ADS7819P 

±1 

67 

-40°C to +85 °C 

Plastic DIP 

ADS7819PB 

±0.75 

69 

—40°C to +85°C 

Plastic DIP 

ADS7819U 

±1 

67 

-40°C to +85°C 

SOIC 

ADS7819UB 

±0.75 

69 

-40°C to +85°C 

SOIC 
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PIN CONFIGURATION 


V,N [I 


3 +v *“ 

AGND1 | 2 


27] +V DlB 

REF | 3 


2s] -V ANA 

CAP | 4 


25 | BUSY 

AGND2 | 5 


24 | CS 

Dll (MSB) | 6 


23 | R/C 

DIO | 7 


22 | DGND 

09 LiL 


£l] +v dig 

D8 [IT 


3 +V ana 

D7 [icT 


"19] NCd) 

06 Ijjl 


~18~| DO(LSB) 

D5 [tT 


~17~] D1 

D4 [llT 


"l6~| D2 

DGND [l4~ 


^F[ D3 

NOTE: (1) Not Internally Connected. 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

t. 

Convert Pulse Width 

40 



ns 

t 2 

Data Valid Delay 
After R/C LOW 


1030 

1150 

ns 

t 3 

BUSY Delay 

From R/C LOW 


85 

125 

ns 

t 4 

BUSY LOW 


1000 

1115 

ns 

t 5 

BUSY Delay After 
End of Conversion 


80 


ns 

te 

Aperture Delay 


20 


ns 

t 7 

Conversion Time 


985 

1090 

ns 

t e 

Acquisition Time 


100 

150 

ns 

t 7 & t 8 

Throughput Time 


1085 

1240 

ns 


Bus Relinquish Time 

20 

50 

83 

ns 

fo 

BUSY Delay 

After Data Valid 

20 

55 

90 

ns 

til 

R/C to CS 

Setup Time 

5 



ns 

t , 2 

Time Between 
Conversions 

1250 



ns 

t i3 

Bus Access Time 

10 

35 

83 

ns 


TABLE I. Timing Specifications (T MIN to T MAX ). 


PIN ASSIGNMENTS 


PIN# 

NAME 

DIGITAL 

I/O 

DESCRIPTION 


V| N 


Analog Input. Connect via 50Q to analog input. Full-scale input range is ±2.5V. 


AGND1 


Analog Ground. Used internally as ground reference point. Minimal current flow. 


REF 


Reference Input/Output. Outputs internal reference of +2.5V nominal. Can also be driven by external system 

M 

CAP 


reference. In both cases, decouple to ground with a 0.1 pF ceramic capacitor. 

Reference Buffer Capacitor. 2.2pF tantalum to ground. 


AGND2 


Analog Ground. 

H 

Dll (MSB) 

O 

Data Bit 11. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is 

7 

D10 

0 

LOW, or when a conversion is in progress. 

Data Bit 10. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

8 

D9 

0 

Data Bit 9. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

9 

D8 

0 

Data Bit 8. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

10 

D7 

0 

Data Bit 7. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

11 

D6 

0 

Data Bit 6. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

12 

D5 

0 

Data Bit 5. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

13 

D4 

0 

Data Bit 4. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

14 

DGND 


Digital Ground. 

15 

D3 

0 

Data Bit 3. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

16 

D2 

0 

Data Bit 2. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

17 

D1 

0 

Data Bit 1. Hi-Z state when CS is HIGH, or when R/C is LOW, or when a conversion is in progress. 

18 

DO (LSB) 

0 

Data Bit 0. Least Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is 

19 

20 

+v ANA 


LOW, or when a conversion is in progress. 

Not internally connected. 

Analog Positive Supply Input. Nominally +5V. Connect directly to pins 21, 27 and 28, and decouple to ground 

21 

+VoiG 


with 0.1 pF ceramic and lOpF tantalum capacitors. 

Digital Supply Input. Nominally +5V. Connect directly to pins 20, 27 and 28. 

22 

DGND 


Digital ground. 

23 

R/C 

1 

Read/Convert Input. With CS LOW, a falling edge on R/C puts the internal sample/hold into the hold state and 

24 

CS 

1 

starts a conversion. With CS LOW and no conversion in progress, a rising edge on R/C enables the output 
data bits. 

Chip Select. Internally OR’d with R/C. With R/C LOW, a falling edge on CS will initiate a conversion. With 

25 

BUSY 

0 

R/C HIGH and no conversion in progress, a falling edge on CS will enable the output data bits. 

Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the 

26 

-v ANA 


data is latched into the output register. With CS LOW and R/C HIGH, output data will be valid when BUSY 
rises, so that the rising edge can be used to read the data. 

Analog Negative Supply Input. Nominally -5V. Decouple to ground with 0.1 pF ceramic and lOpF tantalum 

27 

+V D IG 


capacitors. 

Digital Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 28. 

28 

+ V A na 


Analog Positive Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 27. 


mm 
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BASIC OPERATION 

Figure 1 shows a basic circuit to operate the ADS7819 with 
a full parallel data output. Taking R/C (pin 23) LOW for 
40ns will initiate a conversion. BUSY (pin 25) will go LOW 
and stay LOW until the conversion is completed and the 
output registers are updated. Data will be out put in B inary 
Two’s Complement with the MSB on pin 6. BUSY going 
HIGH can be used to latch th e data. All convert commands 
will be ignored while BUSY is LOW. 


CS 

R/C 

BUSY 

OPERATION 

1 

X 

x 

None. Databus in Hi-Z state. 

i 

0 

1 

Initiates conversion. Databus remains in 

Hi-Z state. 

0 

i 

1 

Initiates conversion. Databus enters Hi-Z 
state. 

0 

1 

T 

Conversion completed. Valid data from the 
most recent conversion on the databus. 

i 

1 

1 

Enables databus with valid data from the 
most recent conversion. 

i 

1 

0 

Conversion in progress. Databus enabled 
when the conversion is completed. 

0 

T 

0 

Conversion in progress. Databus enabled 
when the conversion is completed. 

0 

0 

T 

Conversion completed. Valid data from the 
most recent conversion in the output register, 
but outputs are still tri-stated. 

X 

X 

0 

New convert commands ignored. Conversion 
in progress. 


Table II. Control Line Functions for ‘read’ and ‘convert’. 


The ADS7819 will begin tracking the input signal at the end 
of the conversion. Allowing 1.25ps between convert com- 
mands assures accurate acquisition of a new signal. 

STARTING A CONVERSION 

The combination of CS (pin 24) and R/C (pin 23) LOW for 
a minimum of 40ns immediately puts the sample/hol d of the 
ADS7819 in the hold state and starts a conversion. BUSY 
(pin 25) will go LOW and stay LOW until the conversion is 
completed and the internal output register has been updated. 
All new convert commands during BUSY LOW will be 
ignored. 

The ADS7819 will begin tracking the input signal at the end 
of the conversion. Allowing 1.25ps between convert com- 
mands assures accurate acquisition of a new signal. Refer to 
Table II for a summary of CS, R/C, and BUSY states and 
Figures 2 and 3 for timing parameters. 




DIGITAL OUTPUT 

BINARY TWO’S COMPLEMENT 

DESCRIPTION 

ANALOG INPUT 

BINARY CODE 

HEX CODE 

Full Scale Range 

±2.5V 



Least Significant 
Bit (LSB) 

1 .22mV 



+Full Scale 
(10V- 1 LSB) 

2.499V 

0111 1111 1111 

7FF 

Midscale 

OV 

0000 0000 0000 

000 

One LSB below 
Midscale 

-1.22mV 

1111 1111 1111 

FFF 

-Full Scale 

-2.5V 

1000 0000 0000 

800 


TABLE III. Ideal Input Voltages and Output Codes. 
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CS and R/C are internally OR’d and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If, however, it is critical that CS or 
R/C initiate the conversion, be sure the less critical input is 
LOW at least 5ns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using R/C to control the read and convert modes. Note that 
the parallel output will be active whenever R/C is HIGH and 
no conversion is in progress. See the Reading Data section 
and refer to Table II for control line functions for ‘read’ and 
‘convert’ modes. 

READING DATA 

The ADS7819 outputs full parallel data in Binary Two’s 
Complement data output format. The parallel output will be 
active when R/C (pin 23) is HIGH, and CS (pin 24) is LOW, 
and no conversion is in progress. Any other combination 
will tri-state the parallel output. Valid conversion data can 
be read in a full parallel, 12-bit word on pins 6-13 and pins 
15-18. Refer to Table III for ideal output codes. 

After the conversion is completed and the output registers 
have been updated, BUSY (pin 25) will go HIGH. Valid data 
from the most recent conversion will be available on 
D11-D0 (pins 6-13 and 15-18). BUSY going HIGH can be 
used to latch the data. Refer to Table I and Figures 2 and 3. 

Note! For the best possible performance, the external data 
bus connected to D 11-DO should not be active during a 
conversion. The switching noise of the external asynchro- 
nous data signals can cause digital feed through degrading 
the converter’s performance. 


The number of control lines can be reduced by tieing CS 
LOW while using R/C to initiate conversions and activate 
the output mode of the converter. See Figure 2. 

INPUT RANGES 

The ADS7819 offers a ±2.5V input range. Figure 4 shows 
the necessary circuit connections for the ADS7819 with and 
without external trim. Offset and full scale error (1 ) specifica- 
tions are tested and guaranteed with the 50Q resistor shown 
in Figure 4. This external resistor makes it possible to trim 
the offset ±13mV using a trim pot or trim DAC. This resistor« 
may be left out if the offset and gain are negligible or they! 
will be trimmed in software. See the Calibration section oil 
the data sheet for details. 

The nominal input impedance of 3.125k£2 results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and external 500 
resistor. The input resistor divider network provides inherent 
over-voltage protection guaranteed to at least ±25V. The 
500, 1% resistor used for the external offset adjustment 
circuitry does not compromise the accuracy or drift of the 
converter. It has little influence relative to the internal 
resistors, and tighter tolerances are not required. 

NOTE: (1) Full scale error includes offset and gain errors measured at both 
+FS and -FS. 



FIGURE 2. Conversion Timing with Outputs Enabled After Conversion (CS Tied Low). 
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±2.5V With Hardware Trim I ±2.5V Without Hardware Trim 



FIGURE 4. Circuit Diagram With and Without External Resistors. 
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CALIBRATION 

The ADS7819 can be trimmed in hardware or software. The 
offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required. 

Hardware Calibration 

To calibrate the offset and gain of the ADS7819, install the 
proper resistors and potentiometers as shown in Figure 4. 
The calibration range is ±13mV for the offset and ±34mV 
for the gain. 

Software Calibration 

To calibrate the offset and gain of the ADS7819, no external 
resistors are required. See the No Calibration section for 
details on the effects of the external resistor. Refer to 
Table IV for range of gain errors with and without the 
external 50Q resistor. 

No Calibration 

See Figure 4 for circuit connections. The 50Q external 
resistor shown in Figure 4 may not be necessary in some 
applications. This resistor provides trim capability for the 
gain of the ADS7819. The nominal transfer function of the 
ADS7819 will be bound by the shaded region seen in 
Figure 5 with a typical offset of OmV and a typical gain error 
of -1.6%. Refer to Table IV for range of offset and gain 
errors with and without external resistors. 



WITH 

EXTERNAL 

RESISTORS 

WITHOUT 

EXTERNAL 

RESISTORS 

UNITS 

BPO 

-10 < BPO< 10 
-8 < BPO < 8 

-10 < BPO < 10 
-8 < BPO < 8 

mV 

LSBs 

Gain 

Error 

-0.5 < error < 0.5 

-2.5 < error < -1 

% of FSR 


TABLE IV. Offset and Gain Errors With and Without 
External Resistors. 


REFERENCE 

The ADS78 19 can operate with its internal 2.5 V reference orl 
an external reference. By applying an external reference to" 
pin 3, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally and output on CAP (pin 
4). 

The internal reference has a 8 ppm/°C drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±0.5% for low grade, ±0.25% for high grade). 

REF 

REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 0.1 pF capacitor should be 
connected as close to the REF pin as possible. The capacitor 


Digital 

Output 



FIGURE 5. Circuit Diagram With and Without External Resistors. 
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and the output resistance of REF create a low pass filter to 
band limit noise on the reference. Using a smaller value 
capacitor will introduce more noise to the reference degrad- 
ing the SNR and SINAD. The REF pin should not be used 
to drive external AC or DC loads. 

The range for the external reference is 2.3V to 2.7V and 
determines the actual LSB size. Increasing the reference 
voltage will increase the full scale range and the LSB size of 
the converter which can improve the SNR. 

CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
2.2pF capacitor should be placed as close to the CAP as 
possible to provide optimum switching currents for the 
CDAC throughout the conversion cycle and compensation 
for the output of the buffer. Using a capacitor any smaller 
than lpF can cause the output buffer to oscillate and may not 
have sufficient charge for the CDAC. Capacitor values 
larger than 2.2pF will have little effect on improving perfor- 
mance. The voltage on the CAP pin is approximately 2V 
when using the internal reference, or 80% of an externally 
supplied reference. 

LAYOUT 

POWER 

For optimum performance, tie the analog and digital power 
pins to the same +5V power supply and tie the analog and 
digital grounds together. The ADS7819 uses the majority of 
its power for analog and static circuitry. The ADS7819 
should be considered as an analog component. 

The +5V power for the A/D should be separate from the +5V 
used for the system’s digital logic. Connecting VDIG (pin 
27) directly to a digital supply can reduce converter perfor- 
mance due to switching noise from the digital logic. For best 
performance, the +5V supply can be produced from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. If +12V or +15V supplies are present, a simple 
+5V regulator can be used. Although it is not suggested, if 
the digital supply must be used to power the converter, be 
sure to properly filter the supply. Either using a filtered 
digital supply or a regulated analog supply, both V DIG and 
V AN a should be tied to the same +5V source. 


GROUNDING 

Three ground pins are present on the ADS7819. DGND is 
the digital supply ground. AGND2 is the analog supply 
ground. AGND1 is the ground which all analog signals 
internal to the A/D are referenced. AGND1 is more suscep- 
tible to current induced voltage drops and must have the path 
of least resistance back to the power supply. 

All the ground pins of the ADS should be tied to the analog 
ground plane, separated from the system’s digital logic 
ground, to achieve optimum performance. Both analog and 
digital ground planes should be tied to the “system” ground 
as near to the power supplies as possible. This helps to 
prevent dynamic digital ground currents from modulating 
the analog ground through a common impedance to power 
ground. 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
A/D converters release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. The 
FET switch on the ADS7819, compared to FET switches on 
other CMOS A/D converters, releases 5% — 10% of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. The end result is a minimal 
requirement for the op amp on the front end. Any op amp 
sufficient for the signal in an application will be sufficient to 
the drive the ADS7819. 

The resistive front end of the ADS7819 also provides a 
guaranteed ±25 V over voltage protection. In most cases, this 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7819 does have tri-state outputs for the parallel 
port, but intermediate latches should be used if the bus will 
be active during conversions. If the bus is not active during 
conversions, the tri-state outputs can be used to isolate the 
A/D from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic A/D 
converter. The ADS7819 has an internal LSB size of 610pV. 
Transients from fast switching signals on the parallel port, 
even when the A/D is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. 
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ADS7833 


PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


3-Channel Simultaneous Sampling I 



12-Bit ANALOG-TO-DIGITAL CONVERTER 


FEATURES APPLICATIONS 

• 3 SIMULTANEOUS SAMPLE/HOLD AND • AC MOTOR SPEED CONTROLS 

12-BIT ADCs 0 THREE PHASE POWER CONTROL 

• lOfiS THROUGHPUT RATE « UNINTERRUPTED POWER SUPPLIES 

• FULL DIFFERENTIAL MUX INPUTS 

• +2.5V INPUT RANGE 

• +5V POWER SUPPLIES 

• SERIAL DIGITAL INPUT/OUTPUTS 

DESCRIPTION 

The basic functions of the ADS7833 consist of three 
12-bit analog-to-digital converters preceded by three 
simultaneously operating sample-hold amplifiers. The 
ADCs have simultaneous serial outputs and are pre- 
ceded by programmable gain amplifiers each with 
four gains. 

The inputs to each of the three channels are full 
differential input multiplexers. Two of the channels 
have three differential inputs and the third channel has 
four differential inputs. 

The desired input selection and gain configuration is 
determined by a user-supplied serial input control 
word. The 13 -bit input control word for the next 
conversion is clocked into the input setup register at 
the same time the ADC serial outputs for the present 
conversions are clock out. 

The part also contains an 8-bit digital-to-analog con- 
verter whose digital input is supplied as part of the 
input control word. 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 

ELECTRICAL 

V ANA+ = +5V > v ana- = -5V > v diq + “ +5V - v D iG- = _5V - T A = +25 ° c . using internal reference, f CLOCK = 1.4MHz. 


ANALOG-TO-DIGITAL CONVERTER CHANNELS 


PARAMETER 

CONDITIONS 

ADS7833 

UNITS 

MIN 

TYP 

MAX 

RESOLUTION 


12 



Bit 

ANALOG INPUT 






Full Scale Voltage, Differential 

G= 1.0V/V 


±2.5 


V 


G = 1.25V/V 


±2.0 


V 


G = 2.0V/V 


±1.25 


V 


G = 5.0V/V 


±0.5 


V 

Common Mode Voltage 


±0.5 

±1.0 


V 

Impedance 



10 12 


a 

Capacitance 



10 


pF 

THROUGHPUT SPEED 

foiooK = 1 .4MHz 





Conversion Time 




9.5 

MS 

Complete Cycle 

Acquire and Convert 



10 

\is 

Throughput Rate 


100 



kHz 

SAMPLING DYNAMICS 






S/H Droop Rate 



0.1 


pV/ps 

S/H Acquisition Time 



0.5 


M-S 

S/H Aperture Delay 



50 


ns 

S/H Aperture Jitter 



50 


ps 

Sampling Skew, Channel-to-Channel 



3 


ns 

DC ACCURACY 






Integral Linearity 




±0.75 

LSB 

Differential Linearity 




±0.75 

LSB 

No Missing Codes 


12 



Bits 

Full Scale Error 

G = 1.0 V/V 


±0.05 

±0.5 

% 


G = 5.0V/V 


±0.05 

±0.5 

% 

Full Scale Error Drift 

G = 1.0V/V, 


±10 

±100 

ppm/°C 


With Internal Reference 






G = 5.0V/V, 


±10 

±100 

ppm/°C 

Zero Error 

With Internal Reference 






G = 1.0V/V 


±0.5 

±10 

LSB 


G = 5.0V/V 


±0.5 

±10 

LSB 

Zero Error Drift 

G = 1.0V/V 


±0.5 

±5 

ppm/°C 


G = 5.0 V/V 


±0.5 

±5 

ppm°C 

AC ACCURACY 

F in = 1kHz 


92 



Total Harmonic Distortion 

F in = 1 MHz 


72 


dB 

CMR 

V cm = 1V,F cm = 1MHz 


40 


dB 

REFERENCE 






Internal Reference Voltage 



2.5 


V 

Internal Reference Accuracy 



±0.25 


% 

Internal Reference Drift 



±10 

±100 

ppm/°C 

Internal Reference Source Current 



10 


ma 

External Reference Voltage Range 


2.25 

2.5 

2.75 

V 

for Specified Linearity 






External Reference Current Drain 



10 


ma 

DIGITAL INPUTS 






Logic Levels 






v IL 


0 


1.5 

V 

V| H 


+3.5 


+5 

V 

l,L 




±10 

mA 

l,H 




±10 

mA 

Input Capacitance 

At All Digital Input Pins 



15 

pF 

DIGITAL OUTPUTS 






Data Format 



12-Bit Serial 



Data Coding 



BTC 



V 0L 

•sink = 1 -6mA 

0 


0.4 

V 

V 0H 

•source = 500pA 

4.2 


5 

V 

Leakage Current 




±5 

pA 

Output Capacitance 

At All Digital Output Pins 



15 

PF 
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SPECIFICATIONS (CONT) 

ELECTRICAL 

V ANA+ = +5V, V ANA _ = -5V, V DIG+ = +5V, V DIG _ = -5V, T A = +25°C, using internal reference, f CLOCK = 1 .4MHz. 

ANALOG-TO-DIGITAL CONVERTER CHANNELS 




ADS7833 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLIES 

Specified Performance 





v ANA+ 


+4.75 

+5.0 

+5.25 

V 

V ANA - 


-4.75 

-5.0 

-5.25 

V 

Vdig + 


+4.75 

+5.0 

+5.25 

V 

Vdig- 


-4.75 

-5.0 

-5.25 

V 

l ANA+ 



15 


mA 

^ANA- 



8 


mA 

^DIG+ 



3 


mA 

^DIG- 



1 


mA 

Power Dissipation 




200 

mW 

TEMPERATURE RANGE 

Specified Performance 


-40 


+85 


Derated Performance 

Storage 

Thermal Resistance 


-55 


+125 



DIGITAL-TO-ANALOG CONVERTER 


PARAMETER 

CONDITIONS 

ADS7833 

UNITS 

MIN 

TYP 

MAX 

RESOLUTION 


8-Bits 




Offset Error 



±1 

±7 

mV 

Full Scale Error 




±1 

% 


ABSOLUTE MAXIMUM RATINGS 


Analog Input Voltages: 


Analog Input Currents 

+25V 

Ground Voltage Difference: AGND and DGND 

+0.3V 

Power Supply Voltages: 


V ANA+ 

+7V 

Vana- 

-7V 

V D1G+ 

+7 V 

Vqig- 

— 7V 

Maximum Junction Temperature 


Internal Power Dissipation 

825mW 

Lead Temneratnre Csolrierino lOst 

+300°C 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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NOTE: (1) Al is Analog Input, AO is Analog Output, Dl is Digital Input, DO is Digital Output, P is Power Supply Connection. 
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FUNCTIONAL DESCRIPTION 

(See Figure 1) 

ADCs AND PGAs 

The ADS7833 contains three signal channels each with a 
12-bit analog-to-digital converter output. The ADCs operate 
synchronously and their serial outputs occur simultaneously. 
(Table VI gives the analog input/digital output relation- 


ships). The ADCs are preceded by programmable gain 
amplifiers. (Table II gives gain select information). For 
channels one and two, the PGAs are effective for all three 
analog inputs. For the third channel, only the V 3 _, input is 
gain changed by the PGA. Inputs V 3 _ 2 , V 3 _ 3 , and V 3 _ 4 are 
connected to ADC 3 at a fixed gain of 1V/V regardless of the 
Gain Select value. 
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SAMPLE HOLDS 

The ADS7833 contains seven sample holds. Five of them 
(SHj through SH 5 ) sample simultaneously and have their 
sample/hold timing internally synchronized. (The timing is 
shown in Figure 2). 

Three of the sample holds (SH 1? SH 3 and SH 5 ) are connected 
to the input multiplexers so that they can provide simulta- 
neous sampling for all of their channels inputs. In addition, 
SH 2 and SH 4 simultaneously sample the third input of their 
channels (V H and V 2 _ 3 , respectively). This is useful in motor 
control applications where V t _ 2 and Vj. 3 are the quadrature 
inputs for one position sensor, and V 2 . 2 and V 2 . 3 are the 
quadrature inputs for a second position sensor (see Figure 
7). In that application, it is desirable to sample the quadra- 
ture inputs of a given position sensor at the same time (even 
though they are converted on successive conversion cycles) 
(see Table III), so that their values are captured at the same 
shaft position. 

The ADS7833 also has the capability for limited asynchro- 
nous sampling. The sampling of SH 6 and SH 7 is controlled 
asynchronously by the control signal ASH (see Table III). 
This allows two inputs each on channel 1 and channel 2 (see 
Table IV) to be sampled asynchronously from the timing of 
the other sample holds (see Figure 1). This can be useful in 
motor control applications where the two inputs for each 
channel come from a position sensor and it is desired to 
sample based on position sensor timing rather than system 
clock timing. 


MULTIPLEXERS 

The ADS7833 also contains several multiplexers that are 
used to select the desired analog inputs and connect the 
proper sample hold outputs to the PGAs and ADCs. The 
muxs are driven by a decoder which receives its inputs from 
the Input Setup Register. (See Table III for information on 
input channel selection). The input multiplexers can take full 
differential input signals (see Figure 3 and Table VII). The 
analog signals stay differential through the sample holds and 
the PGAs all the way to the inputs of the ADSs. This is done 
to provide the best possible high frequency noise rejection. 

INPUT SETUP 

As the ADCs are converting and outputting their serial 
digital data for one conversion cycle, a setup word is being 
inputted to be used for the next conversion cycle. The 13-bit 
word is supplied at the SER IN pin (see Figure 1), and is 
stored in the buffered Input Setup Register. The Input Select 
and Gain Select portions of the word are decoded and 
determine the state of the multiplexers and PGAs (see CON- 
FIGURABLE PARAMETERS section). 

DIGITAL-TO-ANALOG CONVERTER 

An 8-bit DAC provides 256 output voltage levels from OV 
to 2.5V (see Table V for input/output relationships). The 
DAC is controlled by the DAC Input portion of the input 
setup word. The DAC Input portion of the word is strobed 
into the DAC at the end of the conversion cycle (14th CLK 
pulse in Figure 2). 


CLOCK AND 
CONTROL SIGNALS 

Clock Pulse 



FIGURE 2. Timing Diagram. 


Burr-Brown IC Data Book — Data Conversion Products 




2.312 






Or, Call Customer Service at 1-880-548-6132 (USA Only) 


VOLTAGE REFERENCE 

The ADS7833 contains an internal 2.5V voltage reference. 
It is available externally through an output buffer amplifier. 
If it is desired to use an external reference, one may be 
connected at the REF IN pins. This then overrides the internal 
2.5V reference, is connected to the ADCs and is available 
buffered at the REF OUT pin. 

OTHER DIGITAL INPUTS AND OUTPUTS 

Sampling and conversion is controlled by the CONV input 
(see Figure 2). The ADS7833 is designed to operate from an 
external clock supplied at the CLK input. This allows the 
conversion to be done synchronously with system timing so 
that transient noise effects can be minimized. The CLK 
signal may run continuously or may be supplied only during 
convert sequences. The BUSY and DCLOCK signals are 
internally generated and are supplied to make easier inter- 
faces with microprocessors (see Figures 2, 4, and 5). 

CONFIGURABLE PARAMETERS 

Configurable parameters are: 

• PGA Gain 

• Input multiplexer and sample/hold selection 

• DAC output voltage 

Configuration information for these parameters is contained 
in the SER IN word (See Figure 2). As one conversion is 
taking place, the configuration for the next conversion is 
being loaded into the buffered Input Setup Register via the 
SER in word. Table I shows information regarding these 
parameters. 


CLOCK 

POSITIONS* 1 ) 

DESCRIPTION 

FUNCTIONS 

2-9 

DAC lnput 0 . 7 

Sets DAC Output Voltage 

10-11 

Gain Select,,., 

Sets PGA Gains 

12-14 

Input Select 

Determines Multiplexers 
Conditions 

NOTE: (1) See Figure 2. “Clock Pulse Reference No.” [ 


TABLE I. Description of Configurable Parameters. 


PGA GAIN 

The PGA gain is determined by the Gain Select portion (bits 
8 and 9) in the SER IN word (see Figure 2). There is one gain 
input that sets the same gain for all three PGAs. The gain 
values and allowable full scale inputs are shown in Table II. 


GAIN 

SELECT,,, 

GAIN 

SETTING 

FULL SCALE 

INPUT 

0 H 

5.0V/V 

±0.5V 

1 H 

2.5V/V 

±1.0V 

2 h 

1.25V/V 

±2.0V 

3 h 

1.0V/V 

±2.5V 


TABLE II. Gain Select Information. 


For channels one and two the PGAs set the gain for all three 
analog inputs. For the third channel, only the V 3 _, input is 
gain changed by the PGA. Inputs V 3 . 2 , V 3 _ 3 and V 3 . 4 are 
connected to ADC 3 at a fixed gain of 1 V/V regardless of the 
Gain Select value. 

INPUT MULTIPLEXER AND 
SAMPLE HOLD SELECTION 

The Input Select portion of the SER IN word (bits 10, 1 1 and 
12) (see Figure 2) are decoded and determine the 
open/closed condition of the multiplexer switches. This in. 
turn determines which input signals are connected to thel 
sample holds and which sample holds are connected to the| 
PGAs/ ADCs. 

INPUT SIGNALS FOR PGAs/ADCs 

Table III shows the relationships between the value of Input 
Selector and the signals that are converted. 


INPUT SELECT,,., 

ANALOG SIGNAL CONNECTED TO 
PGA X /ADC X 

HEX 

CODE 

BINARY 

CODE 

PGA,/ADC, 

PGA^ADC, 

pga 3 /adc 2 

Oh 

000 

Undefined 

Undefined 

V 3-4 

1h 

001 

1 ASH X (1) 

2ASH X 

V 3-4 

2 h 

010 

V,. 3 via SH, 

V 2 . 3 via SH 3 

V 3-3 

3 h 

011 

V, 3 via SH 2 

V 23 via SH 4 

V 3-3 

4h 

100 

v« 

V 2 - 2 

V 3.2 

5 h 

101 

Vi 2 

V 2 -2 

V 3-2 

6 h 

110 

V,* 

V 2 -2 

v 3 - 2 

7 h 

111 

V M 

V 2 -i 

V 3-1 


NOTE: (1) This is a signal internal to the ADS7833 (see Figure 1). 1ASH X 
is the output of asynchronous sample hold, SH 6 . The “1” indicates a 
channel 1 input. The “X” term is either 2 or 3 (i.e., signal V,_ 2 or V,. 3 . See 
Table IV regarding how this selection is made. 

TABLE III. Input Controls for Asynchronous Sample Holds. 

Input Select = 7 H — Synchronously sample and convert 
input signals V M , V 2l , and V 31 . 

Input Select = 4 H , 5 H , 6 H — Synchronously sample and 
convert input signals V 12 , V 2 2 , and V 32 . These codes also 
cause SH 2 and SH 4 to sample their inputs. Values 4 H , 5 H , 6 H 
have different effects on the inputs to SH g and SH ? (see Table 
IV). 

Input Select = 3 H — Convert V w via SH 2 , V 2 . 3 via SH 4 , and 
V 3 3 (V 13 and V 2 _ 3 are from the value sampled in a preceding 
conversion cycle with Input Select = 4 H , 5 H or 6 H ). 

Input Select = 2 H — Convert Vj_ 3 via SH P V 2 _ 3 via SH 3 , and 
V 3 _ 3 (V,_ 3 is sampled on SH 2 in this conversion cycle). 

Input Select = 1 H — Input V 3 . 4 is converted by PGA 3 / 
ADC 3 . The output of the asynchronous sample holds, SH 6 
and SH 7 , are converted by PGA,/ADC, and PGA 2 /ADC 2 , 
respectively. Note that the inputs to SH 6 and SH 7 are deter- 
mined by other Input Select values (see Table IV). Thus, to 
properly convert the output of one of the asynchronous 
sample holds it is first necessary to choose its input with a 
previous conversion cycle. Also, the output of SH 6 or SH 7 
will only be converted if ASH goes low before the CONV 
command is received. 
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Input Select = 0 H — V3.4 is converted by PGA 3 /ADC 3 . The 
inputs to PGAj/ADCj and PGA 2 /ADC 2 are undefined. 

CONVERSIONS FROM THE 
ASYNCHRONOUS SAMPLE HOLDS 

Decoding the Input Select value also determines which 
inputs are applied to the two asynchronously controlled 
sample holds SH 6 and SH 7 . (See Table IV.) One of the three 
possible inputs is selected by the Input Select value being 4, 
5, or 6. 

The “No Effect” states indicate that these values of Input 
Select have no effect on the multiplexers at the input of SH 6 
and SH 7 . When one of the “No Effect” values of Input Select 
is presented, the multiplexers will not be changed (i.e., their 
condition is determined by the last 4, 5, or 6 value of Input 
Select that existed prior to the “No Effect” state). 

Note that Input Select = 1 H presents the output of SH 6 and 
SH 7 (1ASH X and 2ASH X ) to PGA /ADC, and PGA 2 /ADC 2 , 
respectively (see Table III). Therefore, in order to properly 
convert the asynchronous sampled signals, it is first neces- 
sary to choose an input signal (Input Select equal 5 or 6 in 
Table IV) with one load/convert cycle and then convert the 
sample hold output (Input Select = 4 in Table III) in a 
following conversion cycle. 


INPUT SELECT 0-2 

ANALOG SIGNAL CONNECTED TO 

sh 6 /sh 7 

HEX 

CODE 

BINARY 

CODE 

sh 6 

sh 7 

0 H 

000 

No Effect 

No Effect 

1h 

001 

No Effect 

No Effect 

2 h 

010 

No Effect 

No Effect 

3 h 

011 

No Effect 

No Effect i 

4 h 

100 

Open 

Open 

5 h 

101 

Vl* 

V 2 _2 

6 h 

110 

V M 

V 2 -3 

?h 

111 

No Effect 

No Effect 


TABLE IV. Input Controls for Asynchronous Sample Holds. 


DAC OUTPUT VOLTAGE 

The value of the DAC output voltage is determined by the 
DAC Input portion of the SER IN word (bits 0 through 7) (see 
Figure 2). The 8-bit DAC has 256 possible output voltages 
from OV to +2.49V. The value of 1 LSB is 0.0098V. 


DIGITAL INPUT 

DAC INPUT 0 . 7 

ANALOG OUTPUT 

HEX 

BINARY 


CODE 

CODE 


00 H 

0000 0000 

OV 

01 h 

0000 0001 

+0. 0098V 

ff h 

1111 1111 

+2.499 


TABLE V. DAC Input/Output Relationships. 


ANALOG-TO-DIGITAL 

CONVERTERS 

ARCHITECTURE 

The ADCs are 12-bit, successive approximation types imple- 
mented with a switched capacitor circuitry. 

SPEED 

The clock for the ADC conversion is supplied externally at 
the CLK pin. Maximum clock frequency for specified accu- 
racy is 1.4MHz. This results in a complete conversion cycle 
(S/H acquisition and A/D conversion) of lOps. 

INPUT/OUTPUT 

The ADS7833 is designed for bipolar input voltages and 
uses a binary two’s complement digital output code. A 
programmable gain function is associated with each ADC. 
This changes the full scale analog input range and the analog 
resolution of the converter. Details are shown in Table VI. 

DIFFERENTIAL AND COMMON-MODE 
INPUT VOLTAGES 

The ADS7833 is designed with full differential signal paths 
all the way from the multiplexer inputs through to the input 
of the ADCs. This was done to provide superior high 
frequency noise rejection. 

As is common with most differential input semiconductor 
devices, there are compound restrictions on the combination 
of differential and common-mode input voltages. This mat- 
ter is made slightly more complicated by the fact that most 


DESCRIPTION 

ANALOG INPUT 

DIGITAL OUTPUT 

GAIN SELECT CODE 

0 

1 

2 

3 

GAIN 

5V/V 

2.5MN 

1.25 V/V 

1.0V/V 

FULL SCALE RANGE 

±0.5V 

±1.0V 

±2.0V 

±2.5V 

HEX CODE 

BINARY CODE 

+Full Scale (FS -1LSB) 

+0.49976 

+0.9995V 

+1 .999V 

+2.499 

7FF h 

0111 1111 1111 

One Bit above Mid-Scale 

+0.244mV 

+0.488mV 

+0.976mV 

+1.22mV 


0000 0000 0001 

Mid-Scale 

OV 

OV 

OV 

OV 

000 H 

0000 0000 0000 

One Bit Below Mid-Scale 

-0.244V 

-0.488mV 

-0.976mV 

-1.22mV 

FFF h 

1111 1111 1111 

-Full Scale 

-0.500V 

-1 000V 

-2.000V 

-2.500V 

800 h 

1000 0000 0000 


NOTE: The programmable gain function applies to all three input channels for ADC, and ADC 2 . However, the programmable gain function only applies to the 
first input (V 3 ..,) for ADC 3 . The other three inputs (V 3 . 2 , V 3 _ 3 , and V 3Jl ) are not affected by the GAIN SEL input. They operate at a fixed gain of 1 V/V and thus have 
a fixed ±2.5V full scale input range. 


TABLE VI. Analog Input - Digital Output Relationships. 
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of the analog inputs are capable of being affected by the 
programmable gain function. The possible differential and 
single ended configurations are shown in Figures 3a and 3b. 
The maximum differential and common mode restrictions 
are shown in Table VII. 


GAIN SELECT CODE 

0 

1 

2 

3 

Gain 

5V/V 

2.5 V/V 

1.25 V/V 

1.0 V/V 

Full Scale Range 
(V D with V CM = 0 

±0.5V 

±1.0V 

±2.0 V 

±2.5V 

Largest Positive 
Common Mode 

Voltage, V CM + 

+2.7V 

+2.4V 

+1.9V 

+1.6V 

Largest Negative 
Common Mode 

Voltage, V CM ~ 

-2.7V 

-2.4V 

-1.9V 

-1.6V 


TABLE VII. Differential and Common Mode Voltage Re- 
strictions. 

MICROPROCESSOR INTERFACE 


The internal logic of the ADS7833 is designed for easy 
control and data interface with microprocessors. Figure 4 
shows the interface for loading the input control word from 
the microprocessor data bus into the serial input of the 
ADS7833. Figure 5 shows the interface for loading the serial 
ADC output into the parallel data bus and memory of the 
microprocessor. 


TYPICAL ISOLATED ANALOG INPUT 

Figure 6 shows an ISO 130 used to isolate the current 
measurement in a motor speed control application. This 
amplifier is well suited for this application because of its 
high transient immunity (lOkV/ps). Its differential output 
feature is well suited to the differential input of the ADS7833. 
Keeping the signal transmission differential helps to pre- 
serve the high frequency noise rejection of the system. 

A unique characteristic of the ISO 130 is that it has a 
common mode output voltage of approximately 2.5V. To 
accept this level of CMV, the ADS7833 must be operated at. 
a gain of 5V/V (±0.5V full scale differential input). (Seel 
Figure 3 and Table VII). Since the ISO130 has a gain of| 
8V/V, the maximum value of V SENSE is 62.5mV. Thus, the 
value of Rsense ls chosen to scale V SENSE to this maximum 
value. 

POWER-UP INITIALIZATION 

When power is applied to the ADS7833, two conversion 
cycles are required for initialization and valid digital data is 
outpulled on the third cycle. 

The first conversion after power is applied is performed with 
indeterminate configuration values in the double buffer 
output of the Input Setup Register. The second conversion 
cycle loads the desired values into the register. The third 
conversion uses those values to perform proper conversions 
and output valid digital data from each of the ADCs. 



FIGURE 3. (a) Differential Signal Source, and (b) Single Ended Signal Source. 



FIGURE 4. Typical Microprocessor Interface for Loading Input Control Word. 
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ADS7833 Microprocessor 



2 each SN74HC195 
Serial-to-Parallel Registers 


FIGURE 5. Typical Microprocessor Interface for A/D Serial Output. 
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FIGURE 6. Typical Isolated Differential Analog Input. 
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ADS7833 MICROPROCESSOR 



FIGURE 7. Motor Control Application Using Position Sensors. 


HH 


Burr-Brown IC Data Book — Data Conversion Products 


2.317 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS 








For Immediate Assistance, Contact Your Local Salesperson 



20-BIT ANALOG-TO-DIGITAL CONVERTER 


FEATURES APPLICATIONS 

• MONOLITHIC CHARGE INPUT ADC • DIRECT PHOTOSENSOR DIGITIZATION 

• DIGITAL FILTER NOISE REDUCTION: • PRECISION INSTRUMENTATION 

0.9ppm, rms • INFRARED PYROMETRY 

• DIGITAL ERROR CORRECTION: CDS * PRECISION PROCESS CONTROL 

• CONVERSION RATE: Up to 15kHz # CT SCANNER DAS 

• USER FRIENDLY EVALUATION FIXTURE * CHEMICAL ANALYZERS 


DESCRIPTION 

The DDC101 is a precision, wide dynamic range, charge tion topology combines charge integration and digitiza- 

digitizing A/D converter with 20-bit resolution. Low tion functions. Oversampling and digital filtering reduce 

level current output devices, such as photosensors, can be system noise dramatically. Correlated Double Sampling 

directly connected to its input. The most stringent accu- (CDS) captures and eliminates steady state and conver- 

racy requirements of many unipolar output sensor appli- sion cycle dependent offset and switching errors that are 

cations occur at low signal levels. To meet this require- not eliminated with conventional analog circuits, 

ment, Burr-Brown developed the adaptive delta modula- Xhe DDC 101 block diagram is shown below. During 

tion architecture of the DDC101 to provide linearly conversion, the input signal is collected on the internal 

improving noise and linearity errors as the input signal integration capacitance for a user determined integration 

level decreases. The DDC101 combines the functions of period. A high precision, autozeroed comparator samples 

current-to-voltage conversion, integration, input program- the analog input node . Tracking logic updates the internal 

mable gain amplification, A/D conversion, and digital high resolution D/A converter at a 2MHz rate to maintain 

filtering to produce precision, wide dynamic range re- the analog input at virtual gr0U nd. A user programmable 

suits. The input signal can be a low level current con- digital filter oversamples the tracking logic’s output. The 

nected directly into the unit or a voltage connected digital filter passes a low noise, high resolution digital 

through a user selected resistor. Although the DDC 101 is output t0 the serial I/0 register. The serial outputs of 

optimized for unipolar signals, it can also accurately multiple DDC 101 units can be easily connected together 

digitize bipolar input signals. The patented delta modula- j n ser ies or parallel if desired to minimize interconnections. 
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SECTION 1 

BASIC THEORY OF OPERATION 

The basic function of the DDC101 is illustrated in the 
Simplified Equivalent Circuit shown in Figure 1 . The opera- 
tion is equivalent to the functions performed by a very high 
quality, low bias current switched integrator followed by a 
precision floating point programmable gain amplifier and 
ending with a high resolution A/D converter. 


The second block diagram, Figure 2, shows the DDC101 
circuit architecture which implements these functions 
monolithically. During each conversion, the input signal 
current is collected on the internal integration capacitance, 
C INT , as charge for a user determined integration period, T int . 
As the integration capacitor collects input charge, the track- 
ing logic updates the internal high resolution D/A converter 
at a 2MHz rate to maintain the analog input node at virtual 
ground. 

The digital filter oversamples the tracking logic’s output at 
the beginning and end of each integration period to produce 
two oversampled data points. The DDC101 measures thel 
charge accumulated in the integration and performs corre-l 
lated double sampling (CDS) by subtracting these two data 
points. CDS eliminates integration cycle dependent errors 
such as charge injection, offset voltage, and reset noise since 
these errors are measured with the signal at each of the two 
data points. The number of oversamples, and thus the fre- 
quency response of the digital filter, is user programmable. 
The digital filter passes a low noise, high resolution digital 
output to the serial I/O register. Since the timing control of 
the serial I/O register is independent of the DDC101 conver- 
sion process, the outputs of multiple DDC101 units can be 
connected together in series or parallel to minimize intercon- 
nections. 



FIGURE 1. Simplified Equivalent Circuit of DDC101 to Illustrate Function. 



FIGURE 2. DDC101 Block Diagram. 
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An internal test current source is provided for basic func- 
tionality testing and diagnostics. This approximately lOOnA 
current source is pin activated and sums with the external 
input current. 

Figure 3 shows a more detailed circuit configuration of the 
DDC101. The single integration capacitor, C 1NT , and the 
D/A converter have been replaced with a high resolution 


Capacitor Digital-to- Analog Converter (CD AC). By switch- 
ing between ground and the binary weighted capacitor 
array of the CD AC accumulates the input signal’s charge to 
keep the comparator input at virtual ground. 


'— 00 ^ 



ANALOG 

COMMON 



3rd Order Digital 
Integration, 
Tracking and 
Control Logic 


High 

Resolution 
Digital Out 


Digital 

20 Bits 
t K 

Serial I/O 

Filter 

=# 

Register 


Oversampled 
Digital Out 


6 6 6 

SYSTEM System Control 
CLOCK 


DATA DATA 
TRANSMIT CLOCK 


FIGURE 3. DDC101 Detailed Circuit Diagram. 
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SECTION 2 
SPECIFICATIONS 


ELECTRICAL 

All specifications with unipolar current input range, T int = 1 ms, correlated double sampling enabled, System Clock = 2MHz, V REF = -2.5V, T A = +25°C and V s = ±5VDC 
unless otherwise noted. 




DDC101 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUTS 






Charge lnput (6) 






Unipolar Input Range 

BTC Output Code 

-1.95 


500 

pC/Integration 

Bipolar Input Range 

BTC Output Code 

-251.95 


250 

pC/Integration 

Input Current 

Unipolar or Bipolar Range 



7.8 

pA 

Current Input Range Examples 00 ’ 






Unipolar Input Range 

T |NT = 100ps 

-0.0195 


5 

pA 

Unipolar Input Range 

T, NT =1ms 

-1.95 


500 

nA 

Bipolar Input Range 

T int = lOOps 

-2.5195 


2.5 

pA 

Bipolar Input Range 

T, NT = 1ms 

-251.95 


250 

nA 

Voltage Input Examples 00 ’ 






Unipolar Input Range® 

R in = 1 0M£2, T int = 1 ms 

-0.0195 


5 

V 

Bipolar Input Range® 

R |N = 10MQ, T |NT = 1 ms 

-2.5195 


2.5 

V 

DYNAMIC CHARACTERISTICS 






Conversion Time 


64 


256 x 10 6 

ps 

Integration Time 


64 


10 6 

ps 

System Clock Input 


0.5 


2 

MHz 

ACCURACY 






Unipolar Mode Noise 






Noise, Low Level Current Input 0 ’ 

C SENSOR = °P F - L = 8 


0.9 


ppm of FSR, rms® 

Noise, Low Level Current Input 0 ’ 

C SENSOR = 0 P F ’ L = 1 


1.6 


ppm of FSR, rms 

Noise, Low Level Current Input 0 ’ 



2.1 

3 

ppm of FSR, rms 

Noise, Low Level Current Input 0 ’ 

C S ensor = 500 P F,L = 1 


4.2 


ppm of FSR, rms 

Noise, Voltage Input 0 2 ’ 

R in > 20Ma 


1.9 


ppm of FSR, rms 

Differential Linearity Error 






Unipolar Input Range 

Entire Range 


±0.005% Reading ±0.5ppm FSR, max 


0.1% FSR Input 



±0.00006 

% of FSR 


1%FSR Input 



±0.00010 

% of FSR 


1 0% FSR Input 



±0.00055 

% of FSR 

Unipolar or Bipolar Input Range 




±0.0015 

% of FSR 

Integral Linearity Error 






Unipolar Input Range 01 ’ 

Entire Range 


±0.0244% Reading ±2.5ppm FSR, max 


0.1% FSR Input 



±0.00028 

% of FSR 


1% FSR Input 



±0.00050 

% of FSR 


10% FSR Input 



±0.0027 

% of FSR 

Unipolar or Bipolar Input Range 01 ’ 




±0.003 

% of FSR 

No Missing Codes 






Unipolar Input Range 



18 


Bits 

Bipolar Input Range 



16 


Bits 

Input Bias Current 

T a = +25°C 


3 

10 

pA 

DC Gain Error 



±0.5 

±2 

% of FSR 

Output Offset Error* 8 ’ 



±0.5 


ppm of FSR 

Input Offset Voltage® 



±0.5 

±2 

mV 

External Voltage Reference, V REF 



-2.5 


VDC 

Internal Test Signal 



100 


nA 

Internal Test Signal Accuracy 



±20 


nA 

Gain Sensitivity to V REF 

V REF = 2.5V ±0.1 V 


1:1 



PSRR 


80 

90 


dB 

PERFORMANCE OVER TEMPERATUR 

IE 





Output Offset Drift® 

not including bias current drift 


0 


pV/°C 

Input Offset Voltage Drift® 



1 


pV/°C 

Input Bias Current Drift 

+25°C to +45°C 


0.1 

0.5 

pA/°C 

Input Bias Current 

T a = +85°C 


8 

40 

pA 

Gain Drift® 



±15 


ppm/°C 

DIGITAL INPUT/OUTPUT 






Logic Family 


TTL Compatible CMOS 



Logic Level: V IH 

1 IH = +5 f iA 

+2.0 


+v cc 

V 

V, L 

l IL = +5pA 

-0.3 


+0.8 

V 

V OH 

l OH = 2 TTL Loads 

+2.4 


+v cc 

V 

v OL 

l OL = 2 TTL Loads 

0.0 


0.4 

V 

Data Clock 






Data I/O 




8 

MHz 

SETUP Code I/O® 




4 

MHz 

Data Format 






Straight Binary 

Unipolar or Bipolar Range 


20 


Bits 

Two’s Complement 

Unipolar or Bipolar Range 


21 


Bits 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

All specifications with unipolar current input range, T, nt = 1 ms, correlated double sampling enabled, System Clock = 2MHz, V REF = -2.5V, T A = +25°C and V s = ±5VDC 
unless otherwise noted. 




DDC101 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS 

Operation* 5 ) 


±4.75 

±5 

±5.25 

VDC 

Quiescent Current, Positive Supply 

V s + = +5VDC, V DD + = +5VDC 


15.6 

19.5 

mA 

Analog, V s + 


8.9 


mA 

Digital, V DD + 



6.7 


mA 

Quiescent Current, Negative Supply 

V s - = -5VDC 


18.0 

22.5 

mA 

Operating Power 



170 


mW 

TEMPERATURE RANGE 

Operating 


—40 


+85 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1) Input = low level (less than 1 % of Full Scale); Full Scale l IN = 500nA; T int = 1 ms; Unipolar Input Range; Acquisition Time = 1 6 clock cycles, Oversampling = 1 28. (2) Voltage input is converted through user 
provided input resistor, R 1N . (3) FSR is Full Scale Range. (4) Gain Drift does not include the drift of the external reference. (5) Vp D + must be less than or equal to V s +. See Section 7 for recommended connections. (6) 
Straight Binary output code has slightly different Charge Range. See Section 6. (8) Input offset voltage is nulled by autozero circuitry and causes no output error. See Section 6 (Internal Error Correction). (9) This is 
the maximum clockfrequency at which SETUP codes can be written to and read from the DDC101 . (1 0) For other input current and voltage configurations, see Discussion of Specifications and Detailed Theory of Operation 
sections. (1 1 ) A best-fit straight line method is used to determine linearity. Two different best-fit straight lines are used for the two unipolar integral linearity specifications. Acquisition Time = 1 6 clock cycles, Oversampling 

ORDERING INFORMATION 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DDC101P 

28-Pin DIP 

215 

DDC101U 

24-Pin SOIC 

239 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs 





V s + +0.5V to V s - -0.5V 

Power Supply 

V s + 

+ 7V 

V s - 

— 7V 

Vdd+ 

must be < V s + 

Maximum Junction Temperature 

+165°C 


PIN CONFIGURATION 


MODEL 

PACKAGE 

THERMAL RESISTANCE (0 JA ) 
(°C/W) 

DDC101P 

28-Pin DW DIP 

100 

DDC101U 

24-Pin SOIC 

100 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
specifications. 



Top View 




28-Pin DIP 


V s -, ANALOG [V 


28~| REFERENCE BUFFER BYPASS 



ANALOG COMMON [IT 


»] V*, 



ANALOG In [IT 


26~j TEST In 



ANALOG COMMON [~4~ 


25] RESET SETUP In 



V s +, ANALOG \Y 


24] SETUP In 



V s +, ANALOG [TT 


23] READ DATA/SETUP 



NC [jT 


22~| NC 



nc [aT 


~21~~| NC 
1 



RESET SYSTEM In |_9_ 


20 1 DATA TRANSMIT In 



FDS (Final Data Point Start) In 1 10 


TF] OVERFLOW + Out 



SYSTEM CLOCK |~l7 


~18~| OVERFLOW -Out 



DATA CLOCK [~12~ 


~l7] DATA VALID Out 



DATA INPUT [TT 


TT] DATA OUTPUT 





TT] DIGITAL GROUND 
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PIN CONFIGURATION 







24-Pin SOIC 


V s -, ANALOG 

1 


24 

REFERENCE BUFFER BYPASS 



ANALOG COMMON 

2 


23 

V REF 



ANALOG In 

3 


22 

TEST In 



ANALOG COMMON 

4 


21 

RESET SETUP In 



V s +, ANALOG 

5 


20 

SETUP 



V s +, ANALOG 

6 


19 

READ DATA/SETUP 



RESET SYSTEM In 

7 


18 

DATA TRANSMIT In 



FDS (Final Data Point Start) In 

8 


17 

OVERFLOW + Out 



SYSTEM CLOCK 

9 


16 

OVERFLOW - Out 



DATA CLOCK 

10 


15 

DATA VALID Out 



DATA INPUT 

11 


14 

DATA OUTPUT 



V DD +, DIGITAL 

12 


13 

DIGITAL GROUND 



SECTION 3 

PIN DESCRIPTIONS 


SOIC DIP 

PIN PIN 

NUMBER NUMBER 



NAME 


V s - ANALOG 
ANALOG COMMON 
ANALOG INPUT 

ANALOG COMMON 
V s +, ANALOG 
V s +, ANALOG 
RESET SYSTEM In 


SYSTEM CLOCK 




V DD +, DIGITAL 
DIGITAL GROUND 
DATA OUTPUT 


OVERFLOW- 


OVERFLOW+ 


Negative analog power supply voltage, -5VDC. 

Analog ground point. 

Input for low level current signal. Photosensor can be directly connected to this input. With a resistor in series, 
DDC101 will convert a voltage input. 

Analog ground point. 

Positive analog power supply voltage, +5VDC. Hardwire to pin 6. 

Positive analog power supply voltage, +5VDC. Hardwire to pin 5. 

This input resets DDC101, but does not reset the SETUP register. The DDC101 system is reset when this pin is 
active; reset action is removed when the pin is inactive. 

This is Final Data point Start input. This input is the basic user control of the integration and conversion timing. When 
it becomes active, the DDC101 starts collection of the M, final data point samples. The beginning of the next 
integration time is exactly M system clock periods after the Final Data point Start command when operating in the 
continuous mode. 

This clock input sets the basic sampling rate of the DDC1 01 . The DDC1 01 is specified with a clock speed of 2MHz. 
The clock speed can be 0.5MHz to 2.0MHz. 

This clock input controls the data transfer rate for the serial DATA INPUT and DATA OUTPUT ports. The DATA 
CLOCK is independent of the SYSTEM CLOCK. This allows the DATA CLOCK to be operated at higher or lower 
speeds than the SYSTEM CLOCK. For best noise performance, data should not be transmitted and the DATA 
CLOCK should not be active during the initial and final data point collection. If data is being transmitted during the 
initial and final data point collection periods, the DATA CLOCK should be synchronized to the SYSTEM CLOCK, 
to minimize added noise. DATA CLOCK can be connected to SYSTEM CLOCK, so that the same clock is used for 
both; however, for best noise performance, the DATA CLOCK input should be active only when data is transmitted. 
This input can be used to “daisy chain” the output of several DDCIOIs together to minimize wiring. The output 
register of the DDC1 01 acts as a shift register to pass through the output of previously connected DDC1 01 units. 
In this way, multiple DDC1 01 units can convert simultaneously then sequence the data out serially on the same data 
line with one common control line and one common data line for all DDC101 units. 

Digital power supply, +5VDC. V DD + must be less than or equal to V s +. 

Digital ground point. 

This output provides serial digital data clocked out at user controlled DATA CLOCK rate. Output data format is a 
21 -bit binary two's complement word or a 20-bit straight binary word. The data word is transmitted MSB first. When 
DATA TRANSMIT is not active DATA OUTPUT tri-states. 

This output is activated when conversion is complete and remains active until the DATA TRANSMIT input is 
activated. 

The OVERFLOW output signals each provide an open collector output so that the overflow outputs from several 
DDCIOIs can easily be connected (wire ORed) together to a common pull-up resistor. They are activated when 
the input is beyond the acceptable range during conversion. Specifically, they are activated when the internal 
D/A converte r input or digital filter exceeds full scale. They are Cleared at the end of conversion 1 /2 clock cycle after 
DATA VALID high. DATA VALID can be used to capture OVERFLOW data into an external register. 
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PIN DESCRIPTIONS (CONT) 


SOIC 

PIN 

NUMBER 

DIP 

PIN 

NUMBER 

NAME 

DESCRIPTION 

18 

20 

DATA TRANSMIT In 

This input controls the transmission of data from the serial I/O register of the DDC1 01 . It can be activated anytime 
after DATA VALID out becomes active. It must remain active until all data has been collected from the serial I/O 
register(s) of all DDCIOIs in the data path. 

19 

23 

READ DATA/ 
SETUP In 

This input can be used to read back the current SETUP data. When this input is held high, the output from DATA 
OUTPUT is the data collected by the DDC1 01 . When this input is pulled low, an internal shift register is loaded with 
the current SETUP data on the rising edge of DATA CLOCK. This SETUP data shift register is logically connected 
between DATA INPUT and DATA OUTPUT pins and can be read in the same way that the data output is read. 
SETUP data read back does not invalidate data already stored in the DDCIOVs serial I/O register or data being 
collected by the DDC101 , although digital noise concerns should be considered as discussed in DATA CLOCK. 

20 

24 

SETUP In 

This input pin controls the DDC101 SETUP. A 12-bit digital word transmitted into this pin controls Acquisition 
Time, K, Oversampling, M, Multiple Integrations, L, Input Range and Output Data Format. The DDC101 reads the 
SETUP code at this pin after the RESET SETUP input transitions from active to inactive. The SETUP code is read 
into the SETUP register on the 12 positive data clock transitions following that transition. 

21 

25 

RESET SETUP 

Resets SETUP register only, does not reset balance of DDC1 01 . The DDC1 01 reads SETUP input data after this 
input transitions from active (reset) to inactive. 

22 

26 

TEST In 

This is a digital input that controls the connection of an internal DC current source to the DDCIOI's input. TEST 

In exercises the DDC1 01 and is intended to test for functionality only. The typical test input current is 1 00nA±20nA. 
The quiescent current of the DDC1 01 increases by approximately 1 mA when TEST In is active. When TEST is 
HIGH, the internal current source is ON and current is flowing into the DDC101 input. When TEST is LOW, the 
current source is disconnected from the input. 

23 

27 

v REF 

An external -2.5V reference must be connected to the REFERENCE In pin. Use of an external reference allows 
multiple DDC1 01 s to use the same system reference for optimum channel matching. The external reference should 
be filtered to minimize noise contribution (see Figure 24). 

24 

28 

REFERENCE 
BUFFER BYPASS 

An external capacitor of lOpF should be connected to this node to provide proper operation of the internal 
D/A converter. The REFERENCE In pin is connected to an internal reference buffer amplifier. The internal ref- 
erence buffer drives the internal CDAC. This buffer output is not intended for external use. 

— 

7 

NC 

No connection in 28-pin DIP. 

- 

8 

NC 

No connection in 28-pin DIP. 

- 

21 

NC 

No connection in 28-pin DIP. 

- 

22 

NC 

No connection in 28-pin DIP. 


SECTION 4 

TIMING CHARACTERISTICS 


All specifications with Unipolar input range, T int = 1 ms, Current Input, Correlated Double Sampling enabled, Sys Clock = 2MHz, V REF = -2.5V, T A = +25°C and 
V s = ±5VDC unless otherwise noted. 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

t. 

FDS Setup 

30 



ns 

*2 

FDS width, Continuous Conversion 

50 

(M— 1 ) Clocks+VIOOns ns 

t 3 

FDS width, Asynchronous Conversion 

M Clocks+t, 



ns 

t 4 

FDS HIGH to start of next integration, Asynchronous Conversion 


50 


ns 

t 5 

Setup time for RESET SETUP HIGH to DATA CLOCK HIGH 

60 



ns 

*6 

Setup time for Setup Codes data valid before rising edge of DATA Clock 

30 



ns 

t 7 

Hold time for Setup Codes data valid after rising edge of DATA Clock 

30 



ns 

*8 

Propagation delay from rising edge of SYSTEM CLOCK to DATA VALID LOW 


50 


ns 

t 9 

Propagation delay from DATA TRANSMIT LOW to DATA VALID HIGH 


35 


ns 

*10 

Setup time for DATA CLOCK LOW to DATA TRANSMIT LOW 

30 



ns 

*11 

Propagation delay from DATA TRANSMIT LOW to valid data out 


30 


ns 

*12 

Hold time that Data output is valid after falling edge of DATA CLOCK 

10 



ns 

*13 

Propagation delay from DATA TRANSMIT HIGH to Data Output tri-stated 



40 

ns 

*14 

Propagation delay from falling edge of SYSTEM CLOCK to OVERFLOW+ and 

25 



ns 


OVERFLOW- cleared 





*15 

SYSTEM CLOCK pulse width HIGH 

240 



ns 

*16 

SYSTEM CLOCK pulse width LOW 

240 



ns 

*17 

DATA VALID LOW to DATA TRANSMIT LOW, Single DDC101 

30 


(LxN-21) Clock! 

s ns 

i — 
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Continuous Integration Timing 


Non-Continuous Integration Timing 


SYSTEM 

CLOCK 


FDS In 
Internal 
Oversampling 
Interval 

Internal 

Reset 


DATA VALID Out 



-Thor 

J FDS 



mjTJTJTjmnri 

In should be coincident with negative clock. 

v — 


FDS initiates oversamplin g period. 


End of FDS In 

initiates end of Internal Reset. 


End of oversample ; 
period initiates 
reset. 




When Internal Reset period ends, 
next integration begins. 


FIGURE 4. Conversion Timing Diagrams. 



1 

RESET SETUP In 

DATA CLOCK 
(4MHz, max for setup) 

SETUP In 

U 

t 5 

| 

h- 

i 


uu 

TJ 

rL 

Read 



Read 

Tn J 

Read 

’ „ \ 

Read 

1 i 

> 

t 



FIGURE 5. Input/Output Timing Diagram — SETUP Timing Diagram. 



FIGURE 6. DATA TRANSMIT Timing Diagram. 
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TIMING DIAGRAMS (CONT) 



DATA VALID Out can be used to latch data from the overflow status outputs. 


FIGURE 7. OVERFLOW Out Monitoring Timing Diagram. 


SYSTEM CLOCK In 

r — 

— A. 

t ./ 


r 


l 16 



SYSTEM CLOCK 



FIGURE 8. System Clock Timing. 
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TYPICAL PERFORMANCE CURVES 

ELECTRICAL 

System Clock = 2MHz, V s = ±5VDC, V REF = -2.5V, L = 1 Integration/Conversion, and T A = +25°C unless otherwise noted. 

SINAD AT 1 0kHz CONVERSION, UNIPOLAR INPUT SINAD AT 1 kHz CONVERSION, UNIPOLAR INPUT 



Input Frequency (Hz) Input Frequency (Hz) 


NOISE vs INPUT LEVEL (UNIPOLAR) WITH CDS NOISE vs INPUT LEVEL (UNIPOLAR) WITHOUT CDS 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Input Level of FS Input Level of FS 


NOISE vs RESISTOR VALUE 



R, n (MQ) 


CHARGE INJECTION vs INPUT CAPACITANCE 
350 

300 

1 250 

| 200 

.& 150 

c 

( 3 ) 100 

to 

6 50 

0 

-50 

0 100 200 500 1000 

C| N (pF) 
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TYPICAL PERFORMANCE CURVES (CONT) 

ELECTRICAL 

System Clock = 2MHz, V s = +5VDC, V REF = -2.5V, L = 1 Integration/Conversion, and T A = +25°C unless otherwise noted. 


NOISE vs INPUT CAPACITANCE, UNIPOLAR INPUT 



0 100 200 500 1000 2000 


C 1N (pF) 




-40 -20 0 20 40 60 80 100 


NOISE vs TEMPERATURE, UNIPOLAR INPUT 





1 ms Integration Time 
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NOISE vs INTEGRATION TIME, UNIPOLAR INPUT 
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TYPICAL PERFORMANCE CURVES (CONT) 

ELECTRICAL 

System Clock = 2MHz, V s = ±5VDC, V REF = -2.5V, L = 1 Integration/Conversion, and T A = +25°C unless otherwise noted. 


NEGATIVE PSRR vs FREQUENCY 



POSITIVE PSRR vs FREQUENCY 



Frequency (kHz) 


Frequency (kHz) 


NEGATIVE PSRR vs FREQUENCY 
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SECTION 5 

DISCUSSION OF 
SPECIFICATIONS 

INPUT 

The DDC101 is a charge digitizing A/D converter. Low 
level current output sources, such as a photosensors, can be 
directly connected to its input. The input signal can also be 
a voltage connected through a user selected resistor. 

CHARGE INPUT 

The maximum charge that can be captured in one integration 
by the DDC101 is 500pC. In the unipolar input range mode, 
the maximum positive charge that can be collected in one 
integration is 500pC. The DDC101 has a small negative 
range in the unipolar mode of -1.95pC. This small negative 
underrange is included to allow for a small amount of 
leakage current from the user’s PC board and sensor. In the 
bipolar input range, the maximum positive charge that can 
be collected is +250pC. The maximum negative charge that 
can be collected is -251.95pC. 

In addition to the normal mode of one integration per 
conversion, DDC101 can be configured by the user for 1 to 
256 integrations per conversion. When the multiple integra- 
tions per conversion mode is chosen, the DDC101 DSP 
circuitry internally averages multiple integration cycles to 
provide one conversion result. This result has lower noise 
because it is the average of multiple integrations. In this 
mode, the maximum total charge that can be captured by the 
DDC101 in 256 integrations is 128,000pC. 

TEST CURRENT INPUT 

An internal DC test current can be connected under user 
control to the DDClOl’s input. The test current is nominally 
lOOnA and will be summed with any applied external input 
signal. It is derived by a resistive network from the positive 
power supply. The test current is intended to test for func- 
tionality only. The TEST In pin of the DDC101 controls the 
current. When TEST is HIGH, the internal current source is 
ON and current is flowing into the DDC101 input. When 
TEST is LOW, the current source is disconnected from the 
input. With TEST active, positive power supply current 
increases by approximately 1mA. 

FULL SCALE RANGE 

The full scale range (FSR), which is referenced in the 
specification table, is the difference between the positive full 
scale charge and the negative full scale charge for the 
DDC101 in one integration cycle. Specifications such as 
noise and linearity, which are specified in percent or ppm of 
FSR, are referring to a value of 500pC for both unipolar and 
bipolar input ranges. 

The full scale input current for a given integration time will 
result in a full scale input charge. As an example for unipolar 


input range, an input current of 0.5j±A integrated for 1ms 
will result in the full scale charge of 500pC. For voltage 
inputs, the input resistor is chosen to achieve the proper full 
scale input current. As an example, for a 5 V full scale input, 
a 10M£2 input resistor is selected to achieve a full scale input 
current of 0.5pA (1ms integration time). 

Noise of 1 .6ppm of FSR is equal to 1 .6ppm x 500pC = 0.8fC 
or 1.6ppm x 0.5jxA = 0.8pA or 1.6ppm x 5V = 8p,V. Thus, 
in this instance, noise is 1.6pA or 8pV. 

For the unipolar input range, the following table shows the 
full scale input current required for different integration 
times to collect 500pC of charge and the equivalent current 
values for 2 and 5ppm of FSR. 


Tnt 

U 

2ppm 

5ppm 

50ms 

10nA 

0.02pA 

0.5pA 

5ms 

lOOnA 

0.2pA 

IpA 

1ms 

500nA 

IpA 

2.5pA 

500jis 

IpA 

2pA 

5pA 

lOOps 

5pA 

lOpA 

25pA 


TABLE I. Integration Time (T int ) and Full Scale Current (I FS ) 
for Full Scale 500pC Integration. 


CURRENT INPUT 

The maximum average input current that can be captured by 
the DDC101 is ±7.8pA. This current will result in an 
integration time of 64ps for unipolar input range and 32ps 
for bipolar input range. For longer integration times, the 
average input current must be less. 

The maximum input current is limited by the slew and 
update rate of the internal tracking logic and CDAC. The 
largest input current that the DDC101 can accurately track is 
7.8pA. Input currents larger than 7.8pA and high speed 
current input pulses can be accurately captured and digitized 
by the DDC101 with an external input or sensor capacitance 
on the DDC101 input. The average current during a com- 
plete integration cycle cannot exceed 7.8pA. Likewise, the 
total charge input must not exceed 500pC unipolar, 250pC 
bipolar during the integration time. 

An external user provided input capacitance, C s , as shown in 
Figure 9a, will capture the input signal charge if the input 
current limit is temporarily exceeded during the integration 
cycle. The DDC101 will then transfer the charge completely 
to C INX based upon conservation of charge. An additional 


Voltage across input must not exceed ±2.5V. 


A 

Analog Input, pin 3 


1 + 
- *T - 

DDC101 



Analog Common 


External user provided capacitance, C S0URCE , to store current pulses. 


FIGURE 9a. Current Pulse Input Capture. 
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constraint is, the voltage that appears at the DDC101 input, 
must not exceed 2.5V. If this voltage is exceeded, charge 
may be lost and the integration result may be invalid. The 
input voltage can be calculated: 


or 

V = — ji(t)dt 
^S 

therefore, 


V = 



As an example, with a user supplied input capacitance of 
lOOpF, a current pulse of lOOpA for 2ps could be stored 
without exceeding 2.5V applied to the input: 

V = (lOO^A) • = 2V. 

lOOpF 

The current pulse must occur completely during part of one 
DDC101 integration time, and the DDC101 must still have 
time to discharge the input capacitance to ground at a 
maximum rate of 7.8pA before the DDC101 is triggered 
(through the FDS input) to end the integration. In addition, 
the total charge integrated must be 500pC or less for the 
unipolar range. A current pulse of lOOpA for 2ps creates 
200pC of charge. 


VOLTAGE INPUT SPECIFICATIONS 

The DDC101 is a charge digitizing device. With a user 
provided input resistor, the DDC101 can digitize voltage 
inputs. All of the general charge/current input specifications 
apply to the voltage input situation. The specification table 
shows the typical noise of the DDC101 including the effects 
of a 20M£2 input resistor, R IN . 

The input of the DDC101 is a virtual ground. A voltage input 
causes a current, i, to flow into the input through R IN as 
shown in Figure 9b. The maximum input current is deter- 



FIGURE 9b. DDC101 Input Configurations. 
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mined by the integration time selected. Table II shows the 
maximum input voltage based upon several selections of 
input current and input resistor for unipolar input range. The 
accuracy of the input resistor will add directly to the DC 
Gain Error of the DDC101 ; the drift of the input resistor will 
add directly to the Gain Drift of the DDC101. 

Note that the DDC101 output noise decreases as R IN in- 
creases. This is because the DDC101 noise gain decreases 
and the input resistance current noise decreases as R IN 
increases. This effect is shown in the “Noise vs Resistor 
Value” typical performance curve. 


INTEGRATION TIME 

INPUT RESISTOR, R 1N J 

1ms 

500ps 

100ps 

Full Scale Input Current 

0.5pA 

IpA 

5pA 

Full Scale Voltage 




50mV 

100KQ 

50kO 

lOkft 

500mV 

1MQ 

500kQ 

lOOkO 

5V 

10MQ 

5MQ 

1MQ 

50V 

100MQ 

50MQ 

10MQ 


TABLE II. Example of Input Resistor Values Unipolar Input 
Range. 


UNIPOLAR LINEARITY ERRORS 

Due to innovative design techniques, the absolute level of 
linearity error of the DDC101 improves as the input signal 
level decreases when used in the unipolar input mode. 
Therefore, in unipolar input mode, the integral linearity of 
the DDC101 is specified as a small base error plus a 
percentage of reading error or as a percentage of full scale 
range. A best-fit straight line method is used to determine 
integral linearity. Two different best-fit straight lines are 
used for the two unipolar integral linearity specifications. 
For bipolar input mode, linearity is specified only as a 
percentage of full scale range. 

To illustrate the improvement in unipolar mode linearity 
error, the graph below shows the maximum unipolar integral 
linearity error (ILE) of the DDC101 as a function of the 
input signal level. The maximum integral linearity error is 
±0.0244% of reading ±2.5ppm of FSR. Thus, the maximum 
ILE for an input level of 1% of FSR is 0.0005%FSR. 



FIGURE 10. Maximum Unipolar Integral Linearity Error 
When Specified As a % of Reading. 
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The noise of the DDC101 improves as the input signal level 
decreases, thus very low level signals can be resolved. Noise 
is shown in the specification table for low level inputs. For 
unipolar input range, the DDC101 noise at low level inputs 
is dominated by comparator noise gained to the output; at 
full scale inputs, the noise is dominated by D/A converter 
noise. The noise at low low level inputs is a function of input 
capacitance; the noise at full scale is relatively independent 
of input capacitance. For bipolar input operation, the noise 
is dominated by D/A converter noise and is higher than the 
full scale unipolar noise. 

BIPOLAR INPUT ACCURACY 

Linearity — As a bipolar input device, the linearity of the 
DDC101 is specified as a percentage of full scale range that 
does not improve with lower input signal levels. Perfor- 
mance is generally limited by the linearity of the unit when 
operated in the bipolar input mode. 

Noise — In general, noise is not as important as linearity 
when determining total error. The output noise of the DDC101 
in the bipolar mode peaks at midscale (zero input signal 
level). Output noise is lower for inputs above and below 
zero. 

RESET CHARGE ERROR 

The reset charge error (typically less than 250fC) is an offset 
error that could result from offset voltage, charge injection 
and kT/C errors. The DDC101 eliminates the effects of reset 
charge errors with correlated double sampling. 

DC BIAS VOLTAGE 

The DDC101 generates a small bias voltage (typically 500pV) 
at the input. This voltage is impressed on any sensor that is 
connected to the input. The DC bias voltage is the actual 
virtual ground voltage of the DDC101. The DDC101 input 
comparator circuitry includes an autozero circuit which 
eliminates this offset internally so that it does not produce an 
output error. 

GAIN SENSITIVITY TO V REF 

The DDC101 gain is dependent upon the external reference 
voltage, V REF . A change in the value of will be seen as 
a directly proportional change in the gain of the DDC101. 

FREQUENCY RESPONSE 

The DDC101 is a sampling system whose transfer function 
has three separate frequency components. These compo- 
nents are multiplied together to make the total frequency 
characteristic of the DDC101. The three components are: 

1. Basic Integration 

This is the characteristic sin(x)/x response of the basic 
integration function. This response is controlled by the 
integration time of the DDC101. 


2. Oversampling 

This is the low pass filter characteristic of the digital 
filter’s oversampling. This response reduces the broad- 
band noise in the input signal and the DDC101. Broad- 
band noise decreases as the number of oversamples 
increases. 

3. Multiple Integrations 

This is the low pass filter characteristic that results when 
the digital filter is used to average multiple integrations. 
This will determine the primary response of the DDC101 
if two or more integrations are internally averaged. 

See Section 6 for more details. 

SECTION 6 
DETAILED THEORY 
OF OPERATION 

INTEGRATION CYCLE 

An integration cycle, as illustrated in Figure 11, includes the 
Acquisition Time, Initial Data Point Sampling, Tracking 
Interval, and Final Data Point Sampling. The Acquisition 
Time is K clock periods. The first clock cycle of the 
Acquisition Time is used to reset the integrating capacitor, 
C INT , to zero from the previous integration. The balance of 
the Acquisition Time insures that the DDC101 system is 
accurately tracking the input signal prior to initial data point 
acquisition. Close-ups of the Reset and Acquisition time are 
shown in Figures 12 and 13. 

The Initial Data Point is then sampled M times. The Integra- 
tion cycle time consists primarily of the Tracking Interval 
during which time the DDC101 “tracks” the integration of 
the input signal. The Tracking Interval is followed by the 
measurement of the Final Data Point with the same user 
selected number of samples, M. M and K are user selectable. 
The entire integration cycle consists of N clock periods as 
controlled by the user. 

The DDC101 operates in continuous and non-continuous 
integration modes. In the continuous mode, one integration 
follows another with no delay from the end of one integra- 
tion to the beginning of the next conversion. In the non- 
continuous mode, each new integration is started separately 
under user control. 

The Final Data point Start (FDS) input is the primary user 
control of the integration cycle. The FDS input controls the 
end of one integration cycle and the start of the next 
integration cycle in both the continuous and non-continuous 
integration modes. Measurement of the M final data point 
samples begins when the FDS input is activated. 

CONTINUOUS INTEGRATION MODE 

In the continuous integration mode, the “Final Data Point 
Start” command (using the FDS pin) initiates the measure- 
ment of the M final data point samples. The next integration 
cycle begins immediately after the final data point sampling 
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FIGURE 1 1 . Equivalent Integrator Output for Single Integration. 



FIGURE 12. Close-up of Initial Oversampled Data Point for DDC101. 


has been completed; this occurs M clock periods after the 
FDS transition to “ON”. Acquisition, Initial Data Point and 
Tracking for the next integration follow automatically. The 
DDC101 continues in the Tracking mode until the next FDS 
command initiates the measurement of the M final data point 
samples. An FDS command is needed for each integration 
cycle. In the continuous integration mode, the FDS pulse 
width must be less than M clock periods. If the FDS pulse 


is held low past this time of M clock periods, the DDC101 
will reset as for non-continuous mode (see also Figure 4). 
In the continuous mode of operation, the tracking logic of 
the DDC101 “remembers” the integration rate of the previ- 
ous integration and begins the next integration at the rate of 
the previous integration. This allows faster acquisition of the 
signal for the next integration. 
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FIGURE 13. Close-up of Reset and Acquisition Time for 
DDC101. 



FIGURE 14. Close-up of End of One Integration Cycle and 
Beginning of Next. 


NON-CONTINUOUS INTEGRATION MODE 

For the non-continuous integration mode, FDS controls the 
start of the M final data point samples and the end of 
integration as discussed above. In this mode, however, FDS 
is also used to control the start of a new integration cycle 
asynchronously with the end of the previous integration. 
When FDS transitions to “ON”, the collection of the M final 
data point samples begins. At the end of each integration, the 
DDC101 automatically resets the integration capacitance. If 
FDS remains “ON” past the end of integration, the DDC101 
will stay in the integration reset state until FDS transitions to 
“OFF”. Holding FDS “ON” past the end of integration will 
also reset the DDClOl’s tracking logic to zero integration 
rate. 

In non-continuous integration mode, the initial data point 
measurement may be less accurate since the DDClOl’s 
internal tracking logic is reset at the beginning of the 
integration and tracking may not be accurate for the initial 
data point measurement. In this situation, Correlated Double 
Sampling (CDS) operation may not be advantageous. 

INTERNAL ERROR CORRECTION 

The DDC101 uses CDS techniques to gain optimum perfor- 
mance. CDS removes internal DDC101 errors which occur 
for a given integration cycle such as, charge injection, kT/C, 
and DDC101 offset errors. Correlated Double Sampling is 
user selectable. It is recommended for most continuous 
measurement applications. 


Correlated Double Sampling is implemented in the DDC101 
by subtracting the Initial Data Point from the Final Data 
Point. Thus, the error correction is updated automatically for 
each integration. When operating in the unipolar input range, 
CDS functions with either output data format — straight 
binary or binary two’s complement. When operating in the 
bipolar input range, CDS functions with binary two’ s comple- 
ment output data format only. 

The errors that CDS removes are charge injection, kT/C and 
DDC101 input voltage offset. These errors are very difficult 
to eliminate in equivalent analog circuits. Charge injection 
errors result from charge that is transferred through the reset 
switch into the integration capacitor. kT/C errors are switch- 
ing errors due to the noise of the resistance of the reset 
switch. DDC101 voltage offset errors are due to input offset 
of the input comparator. Both initial offset and offset drift 
with time and temperature are corrected since the correction 
is performed each integration cycle. 

SINGLE CYCLE INTEGRATION 

The DDC101 acquires charge (q) by integrating input cur- 
rent (i) for a specific time (T). That is, 

q = Jidt 
o 

The DDC101 acquires up to 500pC of full scale charge per 
integration cycle in the unipolar input range, and approxi- 
mately +250pC of full scale charge in the bipolar input 
range. Therefore, for the DDC101, maximum values can be 
calculated. 

Unipolar Input Range Bipolar Input Range 
500pC = I FS x T int ±250pC = ±I FS x T int 
W here I FS is the full scale input current and T int is the 
integration time of the DDC101. Examples of I FS and T int 
that equal 500pC and ±250pC are shown in the following 
tables. 

The maximum average input current that the DDC101 can 
integrate is 7.8pA. This results in a minimum integration 
time of 64ps for unipolar inputs and 32ps for bipolar inputs. 
Further flexibility is possible with multiple integration cycles 
per conversion as described in the following text. 

INPUT RANGE 
Unipolar Input Range 

For the unipolar input range, the range of charge for each 
integration cycle is from positive full scale of +500pC to a 
slightly negative charge of -1/256 (approximately -0.4%) of 
the positive full scale charge. This is +500pC to -1.95pC. 
The negative charge measurement capability allows for low 
level PC board parasitic leakages. 

Bipolar Input Range 

For the bipolar input range, the range of charge for each 
integration cycle is from positive full scale of +250pC to 
negative full scale of -251.95pC. 
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^FS 

Tnt 

InA 

500ms 

10nA 

50ms 

lOOnA 

5ms 

IpA 

500ps 

5jnA 

100ps 

7.8pA 

64|xs 


TABLE III. Input Current vs Integration Time Examples 
for Maximum Charge. Unipolar input range 
maximum charge = 500pC. 
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InA 

250ms 

10nA 

25ms 

lOOnA 

2.5ms 

1(4. A 

250|xs 

2.5pA 

lOOps 

7.8*1 A 

32ps 


TABLE IV. Input Current vs Integration Time Examples 
for Maximum Charge. Bipolar input range maxi- 
mum charge = ±250pC. 


MULTIPLE INTEGRATIONS 
PER CONVERSION CYCLE 

If more than 500pC, unipolar (or ±250pC, bipolar) of charge 
must be integrated in one conversion cycle, the DDC101 can 
be user programmed for multiple integrations per conversion 
cycle. This feature can be used to provide for longer conver- 
sion periods for a specific input current other than shown in 
the previous table. The integration cycles forming a conver- 
sion cycle may be continuous or non-continuous. The num- 
ber of integrations per conversion cycle, L, can be 1,2, 4, 8, 
16, 32, 64, 128, or 256. The multiple integrations are 
automatically averaged in the DDC101 so that one conver- 
sion result is output per total conversion cycle. 

FINAL DATA POINT CONFIGURATION LIMITS 

In each conversion cycle, the maximum number of final data 
points which can be collected is 256. This means that at the 
extremes, the DDC101 can be setup to perform one integra- 
tion cycle with 256 oversamples, or the DDC101 can be 
setup to perform 256 integration cycles with one sample per 
integration cycle. The total number of integrations, L, mul- 
tiplied by the number of samples per final data point, must 
be 256 or less. As an example, if 16 integration cycles, L, are 
used, the number of samples per final data point must be 16 
or less. 

NOTE: When CDS is used, the initial data points impose no 
additional conversion sampling limitations. 

FREQUENCY RESPONSE 

The DDC101 charge digitizing A/D Converter is a sampled 
system whose frequency response has three separate compo- 
nents. These components are multiplied together to make the 
total frequency characteristic of the DDC101. The three 
frequency response components are shown below. Each 
individual component has a sine (sinx/x) frequency response 
function. 



Digital One data output 

Output per conversion 

cycle at two point 


FIGURE 15. Conversion Cycle with Two Integrations. 


INTEGRATIONS 
PER CONVERSION 

^FS 

CONVERSION 

TIME 

TOTAL 

CHARGE 

1 

10nA 

50ms 

500pC 

2 

10nA 

100ms 

lOOOpC 

4 

10nA 

200ms 

2000pC 

8 

10nA 

400ms 

4000pC 

16 

10nA 

800ms 

8000pC 

32 

10nA 

1.6s 

1 6000pC 

64 

10nA 

3.2s 

32000pC 

128 

10nA 

6.4s 

64000pC 

256 

10nA 

12.8s 

1 28000pC 


TABLE V. Integrations/Conversion vs Conversion Time. 

Example for multiple integrations with unipolar 
input range. 


1. Basic Integration 

This is the characteristic sin(x)/x response of the basic 
integration function. This response is controlled by the 
measurement time of the DDC101, T MEAS ; see Figure 16. 

2. Oversampling 

This is the low pass filter characteristic of the digital 
filter’s oversampling. This response reduces the broad- 
band noise in the input signal of the DDC101 . Broadband 
noise decreases as the number of oversamples increases. 
This response is controlled by the number of oversamples, 
M; see Figure 17. 

3. Multiple Integrations 

This is the low pass filter characteristic that results when 
the digital filter is used to average multiple integrations. 
This will determine the primary response of the DDC101 
if two or more integrations are internally averaged. This 
response is controlled by the total conversion time of the 
DDC101; see Figure 18. 

Input frequencies are multiplied by the DDC101 frequency 
response. The Nyquist frequency is f CONV /2, where f C0NV is 
the DDC101 conversion rate. The highest frequency that can 
be reconstructed from the output data is f CONV /2. Input 
frequencies above Nyquist are multiplied by the DDC101 
frequency response and are then aliased into DC to f CONV /2. 
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Basic Integration Frequency Response 

The sin(x)/x basic integration characteristic is controlled by 
the digital filter’s measurement time (T MEAS ). The measure- 
ment frequency, f MEAS is 1/T MEAS . The input frequency re- 
sponse of the DDC101 is down -3dB at f MEAS /2.26 with a 
null at f MEAS . Subsequent nulls are at harmonics 2f MEAS , 
3f MEAS , 4f MEAS , etc. as shown in the frequency response curve 
below. This characteristic is often used to eliminate known 
interference by setting f MEAS or a harmonic to exactly the 
frequency of the interference. Table VI illustrates the fre- 
quency characteristics of the DDC101 integration function 
for various measurement times. As an example, for N = 
2272, K = 16, and M = 256: T MEAS = (N-M-K)/f CLK = (2272- 
256-16)/2MHz = 1ms and f MEAS = 1kHz. T int = 2272/2MHz 
= 1.14ms; f CONV = 1 /T int = 880Hz. 


MEASUREMENT TIME 

-3dB FREQUENCY 

^MEAS 

100ps 

4.42kHz 

10kHz 

1ms 

442Hz 

1kHz 

10ms 

44.2Hz 

100Hz 

16.66ms 

26.5Hz 

60Hz 

20ms 

22.1Hz 

50Hz 


TABLE VI. Basic Integration Frequency Response Examples. 


Oversampling Frequency Response 

The M oversamples of the initial and the final data points 
create an oversampling sin(x)/x type of low pass filter 
response. The oversampling function reduces broadband 
noise of the input signal and the DDC101. Broadband noise 
is reduced approximately in proportion to the square root of 
the number of oversamples, M. As an example, a conversion 
with 128 oversamples will have approxim ately 1/ 2 the noise 
of a conversion with 32 oversamples (V 32/128 = V 1/4 = 
1/2) The oversampling low pass filter response creates a null 



FIGURE 16. Basic Integration Frequency Response. 


at f os = l/T os . The oversample time, T os , is M/f CLK . For M = 
256 and f CLK = 2MHz, f os is approximately 7.8kHz. Subse- 
quent nulls are at harmonics 2f os , 3f os , 4f os , etc. The -3dB 
point is at f os /2.26. Table VII illustrates the DDC101 
oversampling frequency characteristics with approximate 
values for f os and the -3dB frequency. An oversampling 
frequency response graph is shown below in Figure 17. This 
figure shows the frequency response for M = 256 oversamples 
with an f CLK of 2MHz . The slope of the attenuation curve 
decreases at approximately 20dB/decade. 


OVERSAMPLES (M) 

-3dB FREQUENCY 

Ls 

256 

3.5kHz 

7.8kHz 

128 

6.9kHz 

15.6kHz 

64 

13.9kHz 

31.2kHz 

16 

55kHz 

125kHz 


TABLE VII. Oversample Frequency Response Examples. 


Normalized DDC101 Frequency Response 

The normalized frequency response, H(f), of the DDC101 that is applied to the input signal consists of the product of the three 
frequency response components: 

= sin(«f(N - M - K)/f CLK ) ^ sin(ftfM/f CLK ) # sin(ftfLN/f CLK ) # 

7rf(N - M - K)/f CLK Msin(wf/f CLK ) Lsin(wfN/f CLK ) 

Basic Integration Oversampling Multiple Integrations Linear Phase 


Where: 


f is the signal frequency 

f CLK is the system clock frequency, typically 2MHz 

N is the total number of clock periods in each integration time, T int = N/f CLK , T int is the DDG101 CDAC's 

integration time 

M is the number of oversamples in one oversampled data point 

K is the number of clocks used in the acquisition time 

(N-M-K)/f CLK is the digital filters measurement time, T MEAS , (T MEAS = T int -(M+K)/f CLK ) 

M/f CLK is the oversample time, T os 

LN/f CLK is the total conversion time for multiple integrations, T CONV 

The DDClOl's transfer response has a linear phase characteristic as indicated by the exponential term. 
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(f CLK = 2MHz). 



Frequency (Hz) 


I f 

FIGURE 18. A Multiple Integration Frequency Response 
Example. 


Multiple Integration Frequency Response 

If the DDC101 is operated in the multiple integrations per 
conversion mode of operation, an additional sin(x)/x type 
low pass filter is created. The filter creates an initial null 
frequency at the conversion frequency, f CONV of the DDC101 
and at multiples of f CON v* The -3dB point for this filter is also 
at f CONV /2.26. The conversion time, T CONV , is the sum of the 
integration times for multiple integrations that are averaged 
together by the DDC101. T C0NV = LN/f CLK . f C QNv = ^Tconv- 
If multiple integrations per conversion are used, this filter 
will be the dominant low frequency filter of the DDC101. 
Table VIII shows examples of the conversion time and 
frequency for different parameter selections. Figure 18 shows 
an example of the frequency response due to Multiple 
Integrations. In the case of Figure 18, the integration time is 
500ps (N = 1000 clock periods) and L = 64 integrations per 
conversion. 


INTEGRATION 

TIME 

L 

CONVERSION 

TIME 

-3dB 

FREQUENCY 

^CONV 

1ms 

2 

2ms 

221Hz 

500Hz 

1ms 

8 

8ms 

55Hz 

125Hz 

1ms 

16 

16ms 

27.5Hz 

62.5Hz 

1ms 

64 

64ms 

6.9Hz 

15.6Hz 

1ms 

256 

256ms 

1.73Hz 

3.91Hz 

10ms 

2 

20ms 

22.1Hz 

50.0Hz 

10ms 

8 

80ms 

5.5Hz 

12.5Hz 

10ms 

16 

160ms 

2.75Hz 

6.25Hz 

10ms 

64 

640ms 

0.69Hz 

1.56Hz 

10ms 

256 

2560ms 

0.173Hz 

0.39Hz 


TABLE VIII. Multiple Integration Time Examples. 


System Noise implications 

The noise at the digital output of the DDC101 consists of 
system noise that is included in the analog input signal and 
noise from the DDC101. 

DDC101 Noise — The noise of the DDC101 includes low 
frequency and broadband noise. The low frequency noise is 
reduced by the integrating function and the CDS function of 
the DDC101. This is reflected in the basic integration 
frequency response and in the multiple integration frequency 
response. The broadband electronic noise is reduced prima- 
rily by the oversampling function of the DDC101 


Signal Noise — The noise of the input signal is filtered and 
reduced in a manner similar to the DDC101 noise reduction 
through the integrating and oversampling functions of the 
DDC101. 

Figures 19 and 20 show the frequency response of the 
DDC101 for the product of the basic integration and 
oversampling frequency response for two different values of 
M. In both examples, the integration time is 1ms, the only 
difference is in the number of oversamples, M; for Figure 
19, M = 256 oversamples was used; for Figure 20, M = 32 
oversamples was used. The first null frequency is f MEAS and 
subsequent nulls are at multiples of f MEAS . The first example 
with the larger number of oversamples (M = 256) clearly 
reduces high frequency noise more than the second example 
with M = 32. 

For M = 256, f os is 7.8kHz, f MEAS is 1.16kHz, and the -3dB 
frequency is 507Hz. For M = 32, f os is 62.4kHz, f MEAS is 
1.02kHz and the -3dB frequency is 453Hz. 



FIGURE 19. Product of Frequency Response of Basic Inte- 
gration and Oversampling: 1ms Integration 
Time, 256 Oversamples. 
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FIGURE 20. Product of Frequency Response of Basic Inte- 
gration and Oversampling; 1ms Integration 
Time, 32 Oversamples. 


Figure 21 shows the frequency response of the DDC101 and 
an ideal integrator with the same integration time. In this 
comparison, the DDC101 has greater bandwidth to the first 
null, but it also has greater out of band attenuation which 
reduces broadband noise significantly. If desired, the fre- 
quency response of the ideal integrator can be produced by 
passing the DDC101 output through an external digital 
filtering function which has the frequency response from DC 
to Nyquist of 

sin(7tfT INT ) _ rcfT MEAS _ M sin(7tf / f CLK ) 
^fTirsnr sin(7tfT MEAS ) sin(7tfM / f CLK ) 

This has the effect of further attenuating undesired signals 
(noise) outside the “passband”, further increasing the signal- 
to-noise ratio of the DDC101 and closely emulating the ideal 
integrator’s signal accumulation characteristics. 


Comparison of DDC101 with Ideal Integrator 



FIGURE 21. Comparison of DDC101 with Ideal Integrator. 


SYSTEM SETUP 

After power up, the Reset System and FDS signal inputs 
should be held low (active), while the SETUP register is 
loaded by the user. After the SETUP register is loaded, the 
Reset System input should transition to inactive while the 
FDS input remains active. The FDS should transition to 
inactive at the start of operation. Thereafter, Reset System 
should stay inactive and the FDS should be used to control 
each integration cycle. 

SETUP INPUT 
Software Control 

Many of the options of the DDC101 are set through a serial 
bit stream transmitted by the user into the SETUP Input pin. 
The 12-bit word transmitted into the SETUP Input is used to 
set the following four options, in sequence: 


1. Acquisition Time Control, K 

2 bits 

2. Oversampling Control 


Samples/Integration, M 

4 bits 

3. Multiple Integration Control 


Integrations/Conversion, L 

4 bits 

4. Unipolar or Bipolar Input Range 

1 bit 

5. Output Format 

1 bit 

Total for SETUP 

12 bits 


See Figure 5: SETUP Timing Diagram. 

Acquisition Time Control, K 

This signal sets the acquisition time (K clock periods) and 
controls the use of Correlated Double Sampling. The acqui- 
sition time occurs at the start of each new integration. The 
acquisition time control can be set to four options: “no 
CDS”, 1, 16 or 32 clock periods. For typical continuous 
integration applications, K = 16 is recommended. The acqui- 
sition time always begins with one clock period for reset. 
This reset clock period is followed by 0, 15 or 31 clock 
periods for signal acquisition. Correlated Double Sampling 
is activated if the initial acquisition time is set to 1, 16 or 32 
clock periods. Correlated Double Sampling is disabled and 
the Initial Data Point is not acquired if “no CDS” is selected. 


K 

RESET 

CLOCKS 

ACQUISITION 

CLOCKS 

CDS 

“No CDS” 

1 

0 

Disabled 

1 

1 

0 

Enabled 

16 

1 

15 

Enabled 

32 

1 

31 

Enabled 


TABLE IX. Acquisition Time Control, K. 


When Correlated Double Sampling is activated, the DDC101 
acquires the initial data point for error correction as part of 
each conversion. At the end of the conversion cycle, the 
initial data point is subtracted from the final data point. The 
errors that are corrected with CDS are charge injection, 
kT/C noise, and DDC101 voltage offset. When Correlated 
Double Sampling is deactivated, the initial data point is not 
taken. 
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When operating in the unipolar input range, CDS functions 
with either output data format — straight binary or binary 
two’s complement. When operating in the bipolar input 
range, CDS functions correctly only with binary two’s 
complement output data format. 

Oversampling Control 
Samples/Integration, M 

This control sets the number of samples, M, used by the 
DDC101 to oversample the initial and final data points. M 
can be set for these values: 1, 2, 4, 8, 16, 32, 64, 128, 256. 
Broadband noise in the conversion is reduced roughly in 
proportion to the square root of M. Therefore, a conversion 
with 128 oversamples will have 1/2 the broadband noise of 
a conversion with 32 oversamples. See the previous fre- 
quency response discussion. 

Multiple Integration Control, L 

This control sets the number of integrations per conversion 
cycle, L. It is used to reduce the data rate, increase the 
magnitude of the input signal range, and/or reduce the noise. 
The product of L and M must be 256 or less. 

Output Format 

Two output formats are available for either the unipolar or 
bipolar input ranges: 

Binary Two’s Complement (BTC) and Straight Binary. 

UNIPOLAR INPUT RANGE 

For Binary Two’s Complement, output data format, the 
output word is a 21 -bit Two’s Complement word. The first 
bit is the sign bit followed by the Most Significant Bit 
(MSB), etc. The output range is +100%FS to -0.4%FS, 
where FS is 500pC. 


CODE 

INPUT SIGNAL ( 

0 1111 1111 1111 1111 1111 

+100%FS 

+500pC 

0 1111 1111 1111 1111 1110 

+1 00%FS -1 LSB 


0 0000 0000 0000 0000 0001 

+1SLB 


0 0000 0000 0000 0000 0000 

Zero 

OpC 

1 1111 1111 1111 1111 1111 

-1 LSB 


1 1111 1111 0000 0000 0000 

-0.4%FS 

—1 .95pC 


TABLE X. BTC Code Table — Unipolar Input Range. 


For Straight Binary output data format, the output is a 20-bit 
straight binary word. The first bit is the Most Significant Bit 
(MSB), etc. The output range is +99.6%FS to -0.4%FS in 
which +99.6%FS represents positive full scale and -0.4%FS 
represents the minimum input. 


BIPOLAR INPUT RANGE 

For Binary Two’s Complement, output data format, the 
output word is a 21 -bit Two’s Complement word. The first 
bit is the sign bit followed by the Most Significant Bit 
(MSB), etc. The output range is +100%FS to -100.8%FS, 
where FS is 250pC. For the bipolar input range, the output 
code table changes with the use of Correlated Double Sam- 
pling (CDS). (There is no difference with or without CDS in 
the output code table when using the unipolar input range.) 


CODE 

INPUT SIGNAL | 

0 1111 1111 1111 1111 1111 

+100%FS 

+250pC 

0 1111 1111 1111 1111 1110 

+100%FS -1 LSB 


0 1000 0000 0000 0000 0001 

+1LSB 


0 1000 0000 0000 0000 0000 

Zero 

OpC 

00111 1111 1111 1111 1111 

-1 LSB 


0 0000 0000 0000 0000 0001 

-1 00%FS + 1 SLB 


0 0000 0000 0000 0000 0000 

—1 00%FS 

-250pC 

1 1111 1111 0000 0000 0000 

-1 00.8%FS 

-251 .95pC 


TABLE XII. BTC Code Table — Bipolar Input Range with- 
out CDS. 


CODE 

INPUT SIGNAL | 

00111 1111 1111 1111 1111 

+1 00%FS 

+250pC 

00111 1111 1111 1111 1110 

+100%FS - 1 LSB 


0 0000 0000 0000 0000 0001 

+1LSB 


0 0000 0000 0000 0000 0000 

Zero 

OpC 

1 1111 1111 1111 1111 1111 

-1LSB 


1 1000 0000 0000 0000 0001 

-1 00%FS + 1 LSB 


1 1000 0000 0000 0000 0000 

-1 00%FS 

-250pC 

1 0111 1111 0000 0000 0000 

-100.8%FS 

—251 .95pC 


TABLE XIII. BTC Code Table — Bipolar Input Range with 
CDS. 


For Straight Binary output data format with the bipolar input 
range, the output is a 20-bit straight binary word. The first 
bit is the Most Significant Bit (MSB), etc. The output range 
is +100%FS to -100%FS in which +100%FS represents 
positive full scale and -100%FS represents the negative full 
scale. When using the straight binary output data format in 
bipolar input range, do not use CDS. This will cause a 
negative overflow to occur. 


CODE 

INPUT SIGNAL 

1111 1111 1111 1111 1111 

+100%FS +250pC 

1111 1111 1111 1111 1110 

+100%FS - 1LSB 

1000 0000 0000 0000 0001 

+1LSB 

1000 0000 0000 0000 0000 

Zero OpC 

0111 1111 1111 1111 1111 

-1 LSB 

0000 0000 0000 0000 0000 

-1 00%FS -250pC 


TABLE XIV. Straight Binary Code Table — Bipolar Input 
Range without CDS. 


SETUP INPUT CODE 


CODE 

INPUT SIGNAL 

1111 1111 1111 1111 1111 

+99.6%FS 498.05pC 

1111 1111 1111 1111 1110 

+99.6%FS -1 LSB 

0000 0001 0000 0000 0001 

+1LSB 

0000 0001 0000 0000 0000 

Zero 

0000 0000 0000 0000 0000 

-0.4%FS -1.95pC 


TABLE XI. Straight Binary Code Table — Unipolar Input 
Range. 


Acquisition Time Control — K - 2 bits 


CODE 

RESULT 

00 

1 Reset clock period, 0 clock period Acquisition Time, 
CDS disabled, no initial data point, 

01 

1 Reset clock period, 0 clock period Acquisition Time 

low 

1 Reset clock period, 15 clock period Acquisition Time 

11 

1 Reset clock period, 31 clock period Acquisition Time 


NOTE: (1) Recommended for continuous integration mode. 
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Oversampling Control 
Samples/Integration — M - 4 bits 


CODE 

SAMPLES PER INTEGRATION 

0000 

1 

0001 

2 

0010 

4 

0011 

8 

0100 

16 

0101 

32 

0110 

64 

0111 

128 

1XXX 

256 


Multiple Integration Control 
Integrations/Conversion — L - 4 bits 


CODE 

INTEGRATIONS PER CONVERSION 

0000 

1 

0001 

2 

0010 

4 

0011 

8 

0100 

16 

0101 

32 

0110 

64 

0111 

128 

1XXX 

256 

Input Range - 

1 bit 

CODE 

INPUT RANGE 

0 

1 

Unipolar 

Bipolar 


Output Format - 1 bit 


CODE 

OUTPUT FORMAT 

1 

0 

Binary Two's Complement 

Straight Binary 



DDC101 

Guard ^ 

V s - 

Pattern ^ 

VA 

Analog Common 


| Analog Input 

\\ 

Analog Common 


FIGURE 22. PC Board Layout Showing “Guard” Traces 
Surrounding Analog Input Pin and Traces. 


Power Supplies 

The ±5VDC supplies of the DDC101 should be bypassed 
with lOpF solid tantalum capacitors and 0.1 pF ceramic 
capacitors. The supplies should each have a lOpF solid 
tantalum capacitor at a central point on the PC board. Each 
of the DDC101 power supply lines (V s +, V s - V DD +) should 
have a separate 0.1 pF ceramic capacitor placed as close to 
the DDC101 package as possible. 

The digital power supply voltage, V DD + must be equal to or 
less than the analog power supply voltage, V s +. The analog 
power supply, V s +, is connected to pins 5 and 6, these pins 
should be hardwired together on the printed circuit board at 
the pins for best performance. 

V DD + should be as quiet as possible with minimal noise 
coupling. It is particularly important to eliminate noise from 
V DD + that is non-synchronous with DDC101 operation. 
Figure 23 illustrates two acceptable ways to supply V DD + 
power to the DDC101. The first case shows two separate 
+5 VDC supplies for V DD + and V s +. The second case shows 
the V DD + power supply derived from the V s + supply as used 
on the DDC101 Evaluation Fixture Device Under Test 
(DUT) board. 


SECTION 7 

APPLICATIONS INFORMATION 

BASIC PRINTED CIRCUIT BOARD LAYOUT 

As with any precision circuit, careful printed circuit layout 
will ensure best performance. Make short, direct intercon- 
nections and avoid stray wiring capacitance — particularly at 
the analog input pin. Digital signals should be kept as far 
from the analog input signals as possible on the PC board. 
Leakage currents between PC board traces can exceed the 
input bias current of the DDC101 if care is not taken. A 
circuit board “guard” pattern for the analog input pin and for 
the PC board trace that connects to the analog input pin is 
recommended. The guard pattern reduces leakage effects by 
surrounding the analog input pin and trace with a low 
impedance analog ground. Leakage currents from other 
portions of the circuit will flow harmlessly to the low 
impedance analog ground rather than into the analog input 
of the DDC101. Analog ground pins are placed on either 
side of the analog input pin in the DDC101 package to allow 
convenient layout of guard patterns. Figure 22 illustrates the 
use of guard patterns to protect the analog input. 
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Reading Data Output 

Dat a from the prev ious conversion can be read any time after 
the DATA VALID output is activated and before the end of 
the next conversion. Data is held in an internal serial shift 
register until the end of the next conversion. The data must 
be completely read before the end of the next conversion or 
it will be overwritten with new data. 

Recommended Setup 

The following Setup parameters are recommended, in gen- 
eral, for use with the DDC101 with integration times of 1ms 
or longer. Multiple integrations per conversion, where prac- 
tical, will provide lowest noise as illustrated in the typical 
performance curves. 

Measurement Time Calculation 


FUNCTION 

RECOMMENDED 

Acquisition Clocks, K 

Oversamples, M 

CDS 

16 

128 

Enabled 


A Continuous Integration Cycle consists of the Acquisition 
Time, Initial Data Point Collection, Tracking Interval, and 
Final Data Point Collection. The user can select these 
functions as illustrated in Table XV. 


The time between “Final Data point Start” commands is the 
Integration Time, T int . The Measurement Time, T MEAS , is the 
Integration time reduced by the Acquisition Time and by the 
Oversampling Time, T os . 

Tmeas = T int " T acq - T os . 

When CDS is used; T os , the oversampling time, is the time 
required to collect a data point (M clock periods). Each 
group of samples is averaged with the result at the midpoint 
of each sample group. Therefore, with CDS, T os = M clock 
periods. This is shown in Figure 25. 

Two calculations of the Measurement Time are shown 


FUNCTION 

CLOCK CYCLES 

USER 

CONTROLLED 

Acquisition Time, K 

1, 16, 32 

Yes 

Initial Data Point 
Samples, M' 1 ' 

1,2,4, 8, 16, 32,64, 128, 256 

Yes 

Tracking Interval 

Variable 

Yes 

Final Data Point 
Samples, M (1) 

1,2,4, 8, 16, 32, 64,128, 256 

Yes 


NOTE: (1 ) Will be the same in CDS mode, initial Data Point Samples = 0 in non- 
CDS mode. 

TABLE XV. Components of Integration Cycle. 
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Time 

Clock 

Cycles 


Oversampled 
Final Data Point 


FIGURE 25. DDC101 Equivalent Integrator Output for Single Integration with CDS. 


FUNCTION 

USER SETTING 
(Clock Cycles) 

TIME 

MEASUREMENT 

(Calculated) 

■ 

FUNCTION 

USER SETTING 
(Clock Cycles) 

TIME 

MEASUREMENT 

(Calculated) 

Integration Time (T int ) 


1ms 



Integration Time (T int ) 


1ms 


Acquisition Time K 





Acquisition Time, K 




(T acq ) 

16 

8ps 



(T acq ) “No CDS” 

1 

0.5|is 


Initial Data Point 




.'V® 

Initial Data Point 




Samples, M 

128 

64|xs 


HBIh 

Samples 

None 

Ops 


Measurement Time 



928ps 

’ ,v ; ' . 

Measurement Time 



967. 5ps 

Final Data Point 





Final Data Point 




Samples, M 

128 

64ps 


■ 

Samples, M 

128 

64ps 



TABLE XVI. Measurement Time with CDS. TABLE XVII. Measurement Time without CDS. 


below: one with Correlated Double Sampling (CDS) and the 
other without CDS. Each example assumes that the recom- 
mended system clock frequency of 2MHz is used and that 
the time between “Final Data point Start” commands, (the 
integration time, T int ) is 1ms. 

Example with CDS. The Measurement Time with CDS is 
calculated as the Integration Time (T int ) of 1ms less T ACQ 
and T os . T os , the oversampling time, is 1/2 of the Initial Data 
Point time plus 1/2 the Final Data Point time since each 
group of samples is averaged with the result at the midpoint 
of each sample group. 

Therefore, the Measurement Time = 1ms -(8 + 32 + 32)jus 

= 928ps. 

Example without CDS. The Measurement Time without 
CDS is calculated as the Total Integration Time (T 1nt ) of 
lms less T acq an d T os . T os , the oversampling time, is 1/2 of 
the Final Data Point time since this group of samples is 
averaged with the result at the midpoint of the sample group. 
Therefore, the Measurement Time = lms -(0.5 + 32)ps 

= 967.5ps. 


Input Current Calculation 

The following formula calculates the input current from the 
actual DDC output: 


With CDS: 


500pC« 


DDC output 


500pC « 


DDC output 


T int - K clock periods - M clock periods 


^ [DDC output 

Without CDS: 500 pC* ^ 


500 pC* 


DDC output 


Tint - K clock periods - M / 2 clock periods 


Burr-Brown IC Data Book-Data Conversion Products 




2.342 























Or, Call Custom Service at 1-800-548-6132 (USA Only) 



FIGURE 26. Daisy Chained DDClOls. 



Enable 


FIGURE 27. DDC101 Parallel Operation. 


MULTIPLE DDC101 OPERATION 

Multiple DDC101 units can be connected in serial or parallel 
configuration as illustrated in Figures 26 and 27. 

DATA OUTPUT can be used with DATA INPUT to “daisy 
chain” the output of several DDC101 units together to 
minimize wiring; in this mode of operation, the serial data 
output is shifted through multiple DDClOls (Figure 26). 
DATA OUT PUT is in a high impedance state until DATA 
TRANSMIT In is active. In this way, several DDC1 01 units 
can be conn ected in parallel to be enabled by the DATA 
TRANSMIT In line (Figure 27). 

DDC101 EVALUATION FIXTURE 

The DEM-DDC101P-C Evaluation Fixture is highly recom- 
mended for initial evaluation of the DDC101. It is designed 
for ease of use. The only additional equipment required to do 


a complete evaluation of the performance of the DDC101 is 
an IBM compatible PC with EGA or VGA graphics, a 
parallel interface port, a laser printer (optional), a ±5VDC 
power supply, and a signal source. 

The DEM-DDC101P-C software is mouse compatible and 
retrieves data from up to 32 DDClOls in an easy to read, 
graphical format on the screen. The DEM-DDC101P-C 
Evaluation Fixture includes a PC Interface Board (with 
necessary parts), a DDC101 Board, a 25-pin ribbon connec- 
tor and a 34-pin ribbon connector. The PC Interface Board 
makes timing commands and access to and from the DDC101 
test board possible through the provided PC software. Data 
sheet, LI-439, provides complete information describing the 
evaluation fixture. 
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FIGURE 28. Photo of DEM-DDC101P-C Evaluation Fixture. 



FIGURE 29. DEM-DDC101P-C Evaluation Fixture Connection Diagram. 
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DSP101 

DSP102 


DSP-Compatible Sampling Single/Dual 
ANALOG-TO-DIGITAL CONVERTERS 



FEATURES 

• ZERO-CHIP INTERFACE TO STANDARD 
DSP ICs: AD, AT&T, MOTOROLA, Tl 

• SINGLE CHANNEL: DSP101 

• DUAL CHANNEL: DSP102 

Two Serial Outputs or Cascade to Single 
32-Bit Word 

• SAMPLING RATE TO 200kHz 

• DYNAMIC SPECIFICATIONS: 
Signal/(Noise + Distortion) = 88dB; 
Spurious-Free Dynamic Range = 94dB; 
THD = -91 dB 

• SERIAL OUTPUT DATA COMPATIBLE 
WITH 16-, 24-, AND 32-BIT DSP 1C 
FORMATS 


DESCRIPTION 

The DSP101 and DSP 102 are high performance sam- 
pling analog-to-digital converters designed for sim- 
plicity of use with modem digital signal processing 
ICs. Both are complete with all interface logic for use 
directly with DSP ICs, and provide full sampling and 
conversion at rates up to 200kHz. 

The DSP 101 offers a single conversion channel, with 
18 bits of serial data output, allowing the user to drive 
16-bit, 24-bit, or 32-bit DSP ports. The DSP 102 offers 
two complete conversion channels, with either two 
full 18-bit output ports, or a mode to cascade two 16- 
bit conversions into a 32-bit port as one word. 

Both the DSP101 and DSP 102 are packaged in stan- 
dard, low-cost 28-pin plastic DIP packages. Each is 
offered in two performance grades to match applica- 
tion requirements. 


Convert 

Command 


Analog 

Input 

Channel A 


J Analog 
i Input 
I Channel B 



Select Sync Format 
Channel A User Tag In 


Channel A Data/ 
Cascaded Data 


Channel B Data 


Channel B User Tag In 
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SPECIFICATIONS 

ELECTRICAL 

T a = 0°C to 70°C, ±2.75V input signal, sampling frequency (f s ) = 200kHz, V A + = V D = +5V, V A - = -5V, 16MHz external clock on OSC1 , CLKOUT tied to CLKIN, 8MHz 


data transfer clock on XCLK, data analysis band-limited to 20kHz, unless otherwise specified. 





DSP101JP 



DSP101KP 






DSP102JP 



DSP102KP 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




18 



* 

Bits 

ANALOG INPUT 

Voltage Range 



±2.75V 



* 


V 

Impedance 



1 



* 


ka 

Capacitance 



20 



* 


PF 

THROUGHPUT SPEED 

Complete Cycle 

Acquisition + Conversion 



5 



* 

M>s 

Throughput Rate 


200 



* 



kHz 

AC ACCURACY (1 > 

Signal to (Noise + Distortion) Ratio 

f IN = 1kHz 

83 

86 


86 

88 


dB (2) 


f IN = 1kHz (-60dB) 


32 



* 


dB 


f 1N = 25kHz 


82 



* 


dB 

Total Harmonic Distortion 

f IN = 1kHz 


-90 

-86 


-91 

-89 

dB 

Spurious-Free Dynamic Range 

f 1N = 1kHz 

89 

92 


92 

94 


dB 

Signal to Noise Ratio (SNR) 

f, N = 1kHz 

84 

88 


87 

89 


dB 

DC ACCURACY 

Gain Error 




±5 



* 

% 

Gain Error Mismatch 

DSP102 Channels 



±2 



* 

% 

Integral Linearity 

±2. 75V Input Range 


Sufficient to meet AC Accuracy Specifications 


Differential Linearity 

±2.75V Input Range 


Sufficient to meet AC Accuracy Specifications 


Integral Linearity Error 

±0.7V Input Range 


±0.003 



* 


% 

Differential Linearity Error 

±0.7V Input Range 


±0.002 



* 


% 

No Missing Codes 

±0.7V Input Range 


14 



* 


Bits 

Bipolar Zero Error < 3 > 



±2 





mV 

Bipolar Zero Mismatch (3) 

DSP102 Channels 


±2 





mV 

Power Supply Sensitivity 

-5.25V < V A - < —4.75V 


-60 



* 


dB 


+4.75V < V A +, V D + < +5.25V 


-60 



* 


dB 

SAMPLING DYNAMICS 

Aperture Delay 



30 



* 


ns 

Aperture Jitter 



100 



* 


ps,rms 

Transient Response 



1 



* 


MS 

Overvoltage Recovery 



5 



* 


ps 

DIGITAL INPUTS 

Logic Levels (Except OSC1) 









v IL 

l L = ±10pA 

0 


+0.8 



* 

V 

V |H 

l H = ±10pA 

+2.4 


+5 



* 

V 

OSC1 Clock 




74HC Compatible 




Frequency 

Data Transfer Clock (XCLK) 




16 




MHz 

Frequency 


0.1 


12 

* 


* 

MHz 

Duty Cycle 

Conversion Clock (CLKIN) 


40 

50 

60 




% 

Frequency 


0.5 


5.33 

* 


* 

MHz 

Duty Cycle 


25 

33 

55 

* 

* 

* 

% 

DIGITAL OUTPUTS 









Format 


Serial; MSB first; 16/18-bit and Cascaded 32-bit Mode 


Coding 




Binary Two’s Complement 



Logic Levels (Except OSC2) 









v 0L 

'sink = 4mA 

0 


+0.4 

* 



V 

^OH 

'source = 4mA 

+2.4 


+5 

* 



V 

OSC2 



Can only be used to drive crystal oscillator. 



Conversion Clock (CLKOUT) 









Drive Capability 


±2mA 



* 



mA 

POWER SUPPLIES 

Rated Voltage 









V 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

v A - 


-5.25 

-5 

—4.75 

* 

* 

* 

V 

V D 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

Power Consumption 

XCLK = OSC1 = 12MHz 


250 

425 


* 

* 

mW 

Supply Current 

XCLK = OSC1 = 12MHz 








l A + 



30 

45 


* 

* 

mA 

l A - 



-18 

-25 


* 

* 

mA 

>p 



5 

15 


* 

* 

mA 

TEMPERATURE RANGE 

Specification 


0 


+70 

* 


* 

°C 

Storage 


-65 


+125 

* 


* 

°C 


NOTES: (1) All dynamic specifications are based on 2048-point FFTs, using four-term Blackman-Harris window. (2) All specifications in dB are referred to a full- 
scale input, ±2.75Vp-p. (3) Adjustable to zero with external potentiometer. 


2.346 


Burr-Brown 1C Data Book — Data Conversion Products E 


BURR -BROWN® 














Or, Call Customer Service at 1-800-548-6132 (USA Only) 

TYPICAL PERFORMANCE CURVES 

At T a = +25°C, V A + = V D + = +5V, V A - = V D - = -5V, Sampling Frequency f s = 200kHz; External Clock Input at 0SC1 = 80f s = 1 6MHz, XCLK = 40f s = 8MHz; Using 
2048 Point FFT; Data analysis limited to 0 to 20kHz band; Unless otherwise specified. 


SINAD means Signal-to-(Noise + Distortion) Ratio. THD means Total Harmonic Distortion thru 8th harmonic. 

SNR means Signal-to-Noise Ratio excluding harmonics SFDR means Spurious Free Dynamic Range, including 

thru the 8th. harmonics. 


FREQUENCY SPECTRUM of ±2.75V, 1kHz INPUT 



FREQUENCY SPECTRUM of +2.75V, 20kHz INPUT 
(Using Four-Term Blackman-Harris Window) 
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FREQUENCY SPECTRUM of ±2.75V, 451kHz INPUT 
(Using Four-Term Blackman-Harris Window) 
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DSP102 CHANNEL SEPARATION ON CHANNEL B WITH 
±2.75V, 1kHz INPUT ON CHANNEL A 
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TYPICAL PERFORMANCE CURVES (CONT) 

At T a = +25°C, V A + = V D + = +5V, V A - = V D - = -5V, Sampling Frequency f s = 200kHz; External Clock Input at OSC1 = 80f s = 16MHz, XCLK = 40f s = 8MHz; Using 
2048 Point FFT ; Data analysis limited to 0 to 20kHz band; Unless otherwise specified. 


DYNAMIC PERFORMANCE vs TEMPERATURE 
(f s = 180kHz Asychronous to 12.288MHz 



-70 

-75 

-80 

-85 

-90 


-55 -40 -25 0 25 70 85 125 

Ambient Temperature (°C) 

HISTOGRAM OF 5k CONVERSION RESULTS ON DSP102 
(Both Inputs Grounded) 
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DYNAMIC PERFORMANCE vs TEMPERATURE 
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(Binned at 1 6-bit level) 


SINAD vs INPUT FREQUENCY 
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TOTAL HARMONIC DISTORTION 
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TYPICAL DSP102 FFT SETUP 


DSP102 



ABSOLUTE MAXIMUM RATINGS DSP101 PIN ASSIGNMENTS 


V A + to Analog Common +7V 

V A - to Analog Common -7V 

V D to Digital Common +7V 

Analog Common to Digital Common ±1V 

Control Inputs to Digital Common -0.5 to V D + 0.5V 

Analog Input Voltage ±5V 

Maximum Junction Temperature 150°C 

Internal Power Dissipation 825mW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, 0 JA , Plastic DIP 50°C/W 


DSP101 PIN CONFIGURATION 



PIN # 

NAME 

DESCRIPTION 

1 

VPOT 

Trim Reference Out. lOpF Tantalum to AGND. 
Voltage on this pin is approximately 2.75V. 

2 

VIN 

Analog In. 


MSB 

MSB Adjust In. 

■■ 

VOS 

VOS Adjust In. 

■ 

V A — 

-5V Analog Power. 

mM 

V A + 

+5V Analog Power. 


DGND 

Digital Ground. 

MM 

DGND 

Digital Ground. 

9 

v D 

+5V Digital Power. 

10 

CLKIN 

Conversion Clock In. 

11 

CLKOUT 

Conversion Clock Out. Can drive multiple 
DSP101/DSP102s to synchronize conversion. 

12 

SSF 

Select Synch Format In. If HIGH, SYNC will be 
active High. If LOW, SYNC will be active Low. 

See timing diagram (Figure 1). 

13 

OSC1 

Oscillator Point 1 Input/External Clock In. If using 
external clock, drive with 74HC logic levels. 

Connect to DGND if not used. 

14 

OSC2 

Oscillator Point 2 Output. Provides drive for 
crystal oscillator. Make no electrical connection if 
using external clock. 

15 

SYNC 

Data Synchronization Out. Active High when SSF 
is HIGH; active Low when SSF is LOW. 

16 

XCLK 

Data Transfer Clock In. 

17 


No Internal Connection. 

18 

TAG 

User Tag In. Data clocked into this pin is 
appended to the conversion results on SOUT. 

See timing diagram (Figure 1). 

19 


No Internal Connection. 

20 

SOUT 

Serial Data Out. MSB first, Binary Two’s 
Complement format. 

21 

CONV 

Convert Command In. Falling edge puts converter 
into hold state, initiates conversion, and transmits 
previous conversion results to DSP IC with 
appropriate SYNC pulse. 

22 

DGND 

Digital Ground. 

23 


No Internal Connection. 

24 


No Internal Connection. 

25 


No Internal Connection. 

26 

CAP 

Bypass Capacitor. lOpF Tantalum to AGND. 
Voltage on this pin is approximately 2.7V. 

27 

REF 

Reference Bypass. 0.1 pF Ceramic to AGND. 
Voltage on this pin is approximately 3.8V. 

28 

AGND 

Analog Ground. 


t MM M 


Burr-Brown IC Data Book — Data Conversion Products 


2.349 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS Q DSP101/102 












For Immediate Assistance, Contact Your Local Salesperson 


DSP102 PIN CONFIGURATION 


Top View 



DIP 

VPOTA 

LL 


28 

AGND 

VINA 

LL 


A 

REF 

MSBA 

La 


26 

VPOTB 

VOSA 

E 


E 

VINB 

v A - 

LI 


24 

MSBB 

V A+ 

e 


23 

VOSB 


— 

DSP102 

— 


DGND 

A 


22 

CASC 

DGND 

La 


E 

CONV 

v D 

E 


~2pj 

SOUTA 

CLKIN 

E 


E 

TAGB 

CLKOUT 

E 


E 

TAGA 

SSF 

E 


E 

SOUTB 

OSC1 

E 


E 

XCLK 

OSC2 

E 


E 

SYNC 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 


DSP101JP 

DSP101KP 

DSP102JP 

DSP102KP 


28-Pin Plastic DIP 
28-Pin Plastic DIP 
28-Pin Plastic DIP 
28-Pin Plastic DIP 



NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


SIGNAL-TO- 
(NOISE + DIST.) RATIO 
dB min 



DSP102 PIN ASSIGNMENTS 


DESCRIPTION 



NAME 

i 

VPOTA 

2 

VINA 

H 

MSBA 

VOSA 

H 

V A - 

v A + 

7 

DGND 

8 

DGND 

9 

v D 

10 

CLKIN 

11 

CLKOUT 

12 

SSF 

13 

OSC1 

14 

OSC2 

15 

SYNC 

16 

XCLK 

17 

SOUTB 

18 

TAGA 

19 

TAGB 

20 

SOUTA 

21 

CONV 

22 

CASC 

23 

VOSB 

24 

MSBB 

25 

VINB 

26 

VPOTB 

27 

REF 

28 

AGND 


Channel A Trim Reference Out. 10pF Tantalum to 
AGND. Voltage on this pin is approximately 2.75V. 
Channel A Analog In. 

Channel A MSB Adjust In. 

Channel A VOS Adjust In. 

-5V Analog Power. 

+5V Analog Power. 

Digital Ground. 

Digital Ground. 

+5V Digital Power. 

Conversion Clock In. 

Conversion Clock Out. Can drive multiple DSP101/ 
DSP102s to synchronize conversion. 

Select Synch Format In. If HIGH, SYNC will be 
active High. If LOW, SYNC will be active Low. See 
timing diagram (Figure 1). 

Oscillator Point 1 Input / External Clock In. If using 
external clock, drive with 74HC logic levels. 
Connect to DGND if not used. 

Oscillator Point 2 Output. Provides drive for crystal 
oscillator. Make no electrical connection if using 
external clock. 

Data Synchronization Out. Active High when SSF 
is HIGH; active Low when SSF is LOW. 

Data Transfer Clock In. 

Channel B Serial Data Out. MSB first, Binary 
Two’s Complement format. 

Channel A User Tag In. Data clocked into this pin 
is appended to the conversion results of SOUTA. 
See timing diagram (Figure 1). 

Channel B User Tag In. Data clocked into this pin 
is appended to the conversion results of SOUTB. 
See timing diagram (Figure 1). 

Channel A Serial Data Out. MSB first, Binary 
Two’s Complement format. If CASC is HIGH, 32 
bits of data output, with first 1 6 bits being Channel 
A data. 

Convert Command In. Falling edge puts converter 
into hold state, initiates conversion, and transmits 
previous conversion results to DSP 1C with 
appropriate SYNC pulse. 

Select Cascade Mode In. If HIGH, DSP102 
transmits a 32-bit word on SOUTA, with the first 16 
bits being data on Channel A. If LOW, DSP102 
transmits data for both channels simultaneously. 
Channel B VOS Adjust In. 

Channel B MSB Adjust In. 

Channel B Analog In. 

Channel B Trim Reference Out. lOpF Tantalum to 
AGND. Voltage on this pin is approximately 2.75V. 
Reference Bypass. 0.1 pF Ceramic to AGND. 
Voltage on this pin is approximately 3.8V. 

Analog Ground. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURRrBROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SYMBOL 

DESCRIPTION (C L = 50pF) 

MIN 

MAX 

UNITS 

t 1 

XCLK period. Duty Cycle 50% ±10% 

83 


ns 

t 2 

Convert Command LOW Time 

50 


ns 

t 3 

Convert Period (CASC = LOW on DSP102) 

24 


t 1 

t 4 

Convert Period (CASC = HIGH on DSP 102) 

40 


t. 

t 5 

SYNC Active Delay after Convert Falling Edge 

t, +40 

2 t 1 

ns 

t 6 

SYNC LOW to HIGH Delay from XCLK Rising 


15 

ns 

t 7 

SYNC HIGH to LOW Delay from XCLK Rising 


15 

ns 

t 8 

SOUTA/B Data Valid Delay from XCLK Rising 


15 

ns 

t 9 

SOUTA/B Data Valid After from XCLK Rising 

10 


ns 

tio 

TAGA/B Data Setup before XCLK Rising 

20 


ns 

tn 

TAGA/B Data Hold after XCLK Rising 


0 

ns 

t 12 

OSC1 Period.® Duty Cycle 50% ± 10% 

62 

667 

ns 

t 13 

CLKOUT Period. Duty Cycle 33% ± 10% 

3t, 

ns 

t i4 

CLKIN Period. Duty Cycle 33% ± 20% 

186 

2000 

ns 

t, 5 

CLKIN HIGH 

62 

1050 


tie 

CLKIN LOW 

84 

1340 



Conversion Clock Timing ' 


NOTES: (1 ) When using a DSP 1C in a 1 6-bit mode, these data bits will be ignored by the processor. (2) f os 
be at least 72 times faster than the conversion rate. (t 3 , t 4 > 72 t 12 ) 
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THEORY OF OPERATION 

The DSP101 and DSP 102 are sampling analog-to-digital 
converters optimized for handling dynamic signals. They 
have complete logic interface circuitry for ease of use with 
standard digital signal processing ICs, and transmit data 
words in a serial stream. The successive approximation 
conversion architecture is combined with an inherently sam- 
pling switched capacitor array to provide maximum user 
flexibility over sampling and conversion timing. 

The DSP101 and DSP102 are pipelined internally. When the 
user gives a convert command at time (t), two actions are 
initiated. First, the internal sample/holds are switched to the 
hold state, and a conversion cycle is initiated. At the same 
time, the DSP101 or DSP 102 transmits a synchronization 
pulse and starts shifting out the conversion results from the 
previous convert command at (t-1) using the system bit 
clock. The data from the conversion at time (t) is shifted out 
of the converter after the next convert command is received. 

Both the DSP101 and the DSP102 are 18-bit A/Ds inter- 
nally. When the DSP IC is programmed to accept 16-bit 
word lengths, the processor will ignore the last two data bits 
transmitted from the DSP101 or DSP 102. A Cascade Mode 
on the DSP 102 can be invoked to transmit data for both 
conversion channels over a single serial line as a 32-bit 
word. In this mode, the first 16 bits of data transmitted after 
the Sync pulse contain data from channel A, followed by 16 
bits of information from channel B, allowing a single 32-bit 
word to contain data for both channels. 


A unique Tag feature allows additional digital data to be 
appended to the conversion results, so that a single data 
word contains conversion results plus other signal informa- 
tion, such as gain settings or multiplexer channel settings in 
front of the converter. 

The DSP101 and DSP 102 are high-resolution A/D convert- 
ers complete with sampling capability and on-board refer- 
ences. They can acquire and convert analog signals at up to 
a 200kHz sampling rate. Both operate from ±5V supplies, 
and have full-scale analog input ranges of ±2.75V. 

BASIC OPERATION 

Figure 2 shows the minimum connections required to oper- 
ate the DSP101. The falling edge of a convert command on 
pin 21 puts the internal sampling capacitor array into the 
hold state. The falling edge on pin 21 also starts the process 
to initiate a conversion and transmit data from the previous 
conversion, synchronizing both appropriately to the 10MHz 
clock input on pin 13. Figure 1 shows the timing relationship 
between the convert command, the output data, and the 
synchronization pulse. 

In this basic system, the 10MHz clock is used both to 
generate a 3.33MHz conversion clock and as the data trans- 
fer bit clock for outputting data. Per Figure 1, there must be 
at least 72 clock pulses on pin 13 between convert com- 
mands, so that this circuit can sample and convert at up to 
138kHz. 



FIGURE 2. DSP101 Basic Operation. 
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The convert command at pin 21 causes a Sync pulse to be 
output on pin 15, followed by the data from the previous 
conversion output on pin 20. The Sync pulse will be HIGH 
for one bit clock cycle, since pin 12 is tied HIGH. (A LOW 
Sync pulse will be output on pin 15 if pin 12 is tied LOW.) 
Data is serially transmitted in an MSB -first data stream, in 
Binary Two’s Complement format. Both the Sync pulse (pin 
15) and the data stream (pin 20) are synchronized to the bit 
clock (at pins 13 and 16), with the timing relationships 
shown in Figure 1 . 

After the 18 bits of data from the previous conversion have 
been transmitted, pin 20 will continue to clock out LOWs 
until a new convert command restarts the process, since pin 
18 (the Tag input) is grounded. If pin 18 is tied HIGH, pin 
20 will clock out HIGHs between conversion cycles. 

CONVERSION 

A falling edge on pin 21 (CONV) puts the internal sampling 
capacitors in the hold state with minimum aperture jitter, 
initiates a conversion synchronized to the conversion clock, 
and outputs the data from the previous conversion with an 
appropriate Sync pulse. On the DSP 102, a single convert 
command simultaneously samples both channels. The tim- 
ing relationship between the convert command, Sync and 
the output data is shown in Figure 1. Both Sync and the 
output data are synchronized to XCLK, the system bit clock. 
Following a convert command falling edge, pin 21 must be 
held LOW at least 50ns. 

Convert commands can be sent to the DSP101 and DSP 102 
completely asynchronous to other clocks in the system. This 
allows external events to be used to trigger conversions. 

From Figure 1, it can be seen that two different clocking 
conditions must be considered in determining the minimum 
acceptable time between convert commands. First, there 
need to be a minimum of 24 XCLK periods between convert 
commands, to allow internal synchronization and transmis- 
sion of Sync and the data. (In the Cascade Mode on the 
DSP 102, there need to be at least 40 XCLK periods between 
convert commands, to allow transmission of the 32-bit data 
words.) When used with DSP processors programmed for 
data words longer than 16-bits, the transmission time to the 
processor may determine the minimum time between con- 
vert commands. 

The second limitation on convert commands is the require- 
ment that the internal analog-to-digital converter be given 
enough time to complete a conversion, shift the data to the 
output register, and acquire a new sample. This condition is 
met by having a minimum of 24 CLKIN periods between 
convert commands, or a minimum of 72 clock cycles on 
OSC 1 , if it is used to generate the conversion clock (CLKOUT 
driving CLKIN). 

SIGNAL ACQUISITION 

After a conversion is completed, the DSP 101 or DSP 102 
will switch back to the sampling mode. With at least 24 


CLKIN periods between convert commands, the A/D will 
have had sufficient time to acquire a new input sample to full 
rated accuracy. 

DATA FORMAT AND INPUT LEVELS 

The DSP101 and DSP 102 output serial data, MSB first, in 
Binary Two’s Complement format. In the Cascade Mode on 
the DSP 102, the serial data will first contain 16 bits of data 
for channel A, MSB-first, followed by channel B data, again 
MSB-first. The analog input levels that generate specific 
output codes are shown in Table I. ■ 

As with all standard A/Ds, the first output transition willl 
occur at an analog input voltage 1/2 LSB above negative full* 
scale (-2.75V + 1/2 LSB) and the last transition will occur 
3/2 LSB below positive full scale (+2.75 V - 3/2 LSB.) See 
Figure 3. 



FIGURE 3. Analog Input to Digital Output Diagram. 


DESCRIPTION 

ANALOG 

INPUT 

DIGITAL OUTPUT 
(BINARY TWO’S COMPLEMENT) 

BINARY CODE 

16-BIT 

WORDS 

(HEX) 

18-BIT 

WORDS 

(HEX) 

Least Significant Bit 
5.5V 

(LSB =%-) 

16-bit Words 

1 8-bit Words 

84[iV 

21 p.V 




Input Range 

±2.75V 




+ Full Scale 
(2.75V-1 LSB) 

+2.74991 6V 
+2.749979V 

011. ..Ill 

7 FFF 

1FFFF 

Bipolar Zero 
(Midscale) 

OV 

000.. .000 

0000 

00000 

One LSB below 
Bipolar Zero 

> > 

°?7 



111. ..Ill 

FFFF 

3FFFF 

- Full Scale 

-2.75V 

100... 000 

8000 

20000 


TABLE I. Ideal Input Voltage vs Output Code. 
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FIGURE 4. Output Structure of DSP102. 


DATA TRANSFER 

The internal A/Ds generate 18 bits of data, transmitting the 
data MSB first. When read by a DSP IC programmed to 
accept 16 bits of data, the first 16 MSB bits of data from the 
DSP101, or each channel of the DSP 102, will be shifted into 
the processor’s input shift register, and the last two least 
significant bits of data from the A/D will be ignored, 
although they will still be present on the serial data line. 

When the DSP processor is programmed to accept words of 
more than 16-bit length (typically 24-bit or 32-bit), the 
DSP101 and DSP102 will transmit the full 18-bit conversion 
results, after which the information input on the TAG input 
(or TAGA and TAGB on the DSP 102) will be appended to 
the output word. (See Tag Feature below.) 

In the Cascade Mode, the DSP 102 will first transmit the 16 
MSBs from channel A, followed by the full 18-bits from 
channel B, although DSP processors programmed to accept 
32 bits of data will ignore the final two bits of information 
on Channel B. See the DSP 102 Cascade Mode section below 
for details of the Cascade mode. 

DATA SYNCHRONIZATION 

A convert command both initiates a conversion and starts 
the process for transmitting data from the previous conver- 
sion. Convert commands can come at any time, completely 
asynchronous to the conversion clock or the bit clock, and 

BURR - BROWN’ 


the conversion clock may also be independent of the bit 
clock. The DSP101 and DSP 102 internally synchronize the 
output data, Sync pulse, and Tag inputs to the bit clock. 

While the convert command, conversion clock and bit clock 
can be asynchronous, system performance is usually en- 
hanced by synchronizing all of them to a system master 
clock, whenever the application permits. This minimizes 
changes in digital loads and currents when the critical S/H 
transition and A/D bit decisions are occurring. Within the 
DSP101 and DSP 102 themselves, running asynchronous 
convert commands, conversion clocks and bit clocks typi- 
cally degrades performance only several dB, as shown in the 
various typical performance curves, but the system board 
design can easily have more effect. 

When a convert command is received, the internal logic 
generates an appropriate Sync pulse, synchronized to XCLK, 
as shown in Figure 1. The output Sync pulse will be active 
High or active Low depending on whether a HIGH or a 
LOW, respectively, is input at SSF (pin 12). 

The convert command also causes the conversion results 
from the previous conversion to be loaded into the output 
shift register, synchronous to XCLK. Figure 4 shows the 
operation of the internal data shift registers on the DSP 102. 
The DSP 101 is basically similar, but includes only the top of 
the figure, showing the SOUTA path. 
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During the internal successive approximation conversion 
process, the conversion results are shifted into the input shift 
registers of the output stage on the DSP 102. A new convert 
command latches that data into the 18-bit parallel latches 
shown. The internal signal that also generates the Sync 
pulse, labeled “Shift/Load” in Figure 4, synchronously loads 
the conversion data into the output shift register on the rising 
edge of XCLK. The conversion results are then clocked out 
of the shift register on subsequent rising edges of XCLK. 

DATA TRANSFER CLOCK 

XCLK is the data transfer clock, or bit clock, for the system, 
and is an input for the DSP101 or DSP 102. This input is 
TTL- and 74HC-level compatible. The serial data and SYNC 
outputs are synchronized internally to this clock, with data 
valid on the rising edge of XCLK, per the timing shown in 
Figure 1. Data input on pin 18 (TAG) on the DSP101, or on 
pins 18 and 19 on the DSP102 (TAGA and TAGB), will be 
clocked into the output shift register on the rising edge of 
XCLK, as discussed in the Tag Feature section. 

CONVERSION CLOCK 

The analog-to-digital converter sections in the DSP101 and 
DSP 102 were designed to provide accurate conversions 
under worst case conditions of supplies, temperatures, etc. 
In order to achieve a full 200kHz sampling capability, they 
were designed to use a 33% duty cycle conversion clock 
(CLKIN on pin 10) as shown in Figure 1. The clock is LOW 


long enough for internal analog circuitry to settle suffi- 
ciently between bit decisions to insure rated accuracy. Bit 
decisions in the A/D are then made on the rising edge of 
CLKIN. 


To other 

DSP101 or DSP102 DSP102's CLKIN for 



Crystal is CTS Knight MP122 12.288MHz, 
20pF load, series resonant mode. 


FIGURE 5. DSP101 or DSP 102 Conversion Clock Circuit. 


DSP101 or DSP102 



NOTES: (1) Pin 1 and pin 26 must be bypassed with lOpF tantalum capacitors, on both the DSP101 and DSP102. 
(2) Protection from power supply momentary overrange. 


FIGURE 6. DSP101 or DSP 102 Power Supply Connections. 
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When a convert command is received, the DSP101 or 
DSP 102 immediately switches the sampling capacitors to 
the hold state, and then internally gates the conversion clock 
to the A/D appropriately. Allowing a minimum of 24 CLKIN 
pulses between conversions insures that there is sufficient 
time for complete, accurate conversions, and allows the 
input sampling capacitor to fully acquire the next sample, 
regardless of the timing between the convert command and 
CLKIN. 

In most applications, CLKIN (pin 10) can be driven from a 
50% duty cycle clock without performance degradation. 
During characterization of the DSP 101 and DSP 102, the 
performance of a number of parts was measured under 
various conditions with a 4.8MHz, 50% duty cycle input to 
CLKIN at a full 200kHz conversion rate without noticeable 
degradation. 

OSCILLATOR INPUTS AND CLKOUT 

The DSP101 or DSP 102 can generate a 33% duty cycle 
conversion clock output on CLKOUT (pin 11). This is 
accomplished by dividing by three a clock from either an 
external 74HC-level clock or from a crystal oscillator. 
CLKOUT can deliver ±2mA, and can be used to drive 
multiple DSP101 or DSP102 CLKINs. See Figure 1 for the 
timing relationship between OSC1 and CLKOUT. 

To use an external 74HC-level clock, drive the clock into 
OSC1 (pin 13), and leave OSC2 (pin 14) unconnected. 

To use a crystal oscillator to generate the conversion clock, 
refer to Figure 5. Connect the oscillator between OSC1 and 
OSC2. OSC2 provides the drive for the crystal oscillator. 
This pin cannot be used elsewhere in the system. 


If CLKOUT is not used, both it and OSC2 should be left 
unconnected, and OSC1 should be grounded. 

TAG FEATURE 

Figure 4 shows the implementation of the TAG feature on 
the DSP101 and DSP102. When a convert command is 
received, the internal Shift/Load signal loads conversion 
result data into the output shift register synchronous to 
XCLK. Between convert commands, the information input 
on TAG (on the DSP101) or on TAGA and TAGB (on the 
DSP 102) will be clocked into the output shift register on the 
rising edges of XCLK. Since this is an 18-bit shift register, 
the data input on the Tag lines will be output on SOUT 
(DSP101) or SOUTA and SOUTB (DSP102) delayed by 18 
bit clocks. 

The Tag Feature can be used in various ways. The Tag 
inputs can be tied HIGH or LOW to differentiate between 
two converters in a system. As discussed in the Applications 
section below, the Tag feature can be used to append to the 
serial output data word information on multiplexer channel 
address, or other digital data related to the input signal (such 
as the setting on a programmable gain amplifier.) Another 
option would be to daisy-chain multiple DSP101 or DSP 102 
converters, linking the serial output of one to the Tag input 
of the next. This can simplify the transmission of data from 
multiple A/Ds over a single optical isolation channel. 

DSP102 CASCADE MODE 

If pin 22 (CASC) is tied HIGH, the DSP102 will be in the 
Cascade Mode. In this mode, when a convert command is 
received, the DSP102 will transmit a 32-bit data word on pin 
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20 (SOUTA) containing data for both input channels in two 
16-bit words. Referring to Figure 1, the first 16 bits of data 
will be the results for channel A, followed by 16 bits of 
information for channel B. The data will be transferred MSB 
first. A convert command at time (t) will initiate the trans- 
mission of the results of the conversion initiated at time 
(t-1). 

From the descriptions above of the internal shift registers 
shown in Figure 4, it can be seen that the DSP 102 in the 
Cascade Mode actually continues to shift out data after the 
32nd bit of the data word. The next two bits clocked out will 
be the last two data bits from the full 18-bit conversion on 
channel B, after which the information output on SOUTA 
will be the information clocked into TAGB 35 bit clock 
cycles earlier. 

In the Cascade mode on the DSP 102, SOUTB will still 
output channel B conversion data and tag data as usual. 

ANALOG PERFORMANCE 

LINEARITY 

The DSP101 and DSP 102 are optimized for signal process- 
ing applications with wide dynamic range requirements. 
Linearity is trimmed for best performance in the range 
around 0V, which is critical for handling low amplitude 
signals. The DSP101 and DSP102 typically have integral 
and differential non-linearity below ±0.003% in the input 
range of ±0.7V, with there being no missing codes at the 14- 
bit level in this range. Over the full +2.75V input range, the 
largest non-linearities are centered around the bit #2 transi- 
tion points at +1.375V and -1.375V levels. 


NOISE AND BIPOLAR ZERO ERROR 

The equivalent input noise and bipolar zero error of the 
DSP 101 and DSP 102 is shown in the typical performance 
section for both channels on a DSP102. The inputs to both 
channels were grounded, and the results of 5,000 conver- 
sions was recorded. The data shown is binned at the 16-bit 
level. The noise results from all sources in the circuit, 
including clocks, reference noise, etc. 

In a theoretically ideal converter with no offset and no noise, 
the results of all 5,000 conversion for each channel would lie 
in the bin corresponding to bipolar zero, code 0000. The. 
typical DSP101 or DSP 102 will have offset errors in the! 
range of 1 to 2mV, and the two channels on the DSP 102 will| 
be matched closer than 2mV. The DSP 102 shown in the 
typical performance section has the worst offset, -0.8mV, 
on channel A, with channel B being less than lmV different, 
and the three sigma noise on either channel being less than 
250|4V. 

INPUT BANDWIDTH 

From the typical performance curves, it can be seen that 
there is very little degradation in Signal-to-(Noise + Distor- 
tion) for input signals up to 100kHz. The wideband sampling 
input typically maintains a 60dB Signal-to-(Noise + Distor- 
tion) Ratio undersampling 500kHz input signals. 

LAYOUT CONSIDERATIONS 

Because of the high resolution, linearity and speed of the 
DSP 101 and DSP 102, system design problems such as 
ground path resistance, contact resistance and power supply 
quality become very important. 


DSP101 or DSP102H) 



FIGURE 8. DSP101 or DSP102 Optional MSB and Offset Adjust. 
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Optimal dynamic performance is achieved by soldering the 
parts directly into boards, to keep the A/Ds as close as 
possible to ground. The use of sockets will often degrade AC 
performance. Zero-Insertion-Force sockets are particularly 
poor because longer lead lengths create inductance. 

Short traces on the board, and bypass capacitors as close as 
possible to the A/D, will further improve dynamic perfor- 
mance. 

GROUNDS 

To achieve the maximum performance from the DSP101 or 
DSP 102, care should be taken to minimize the effect of 
changes in current flowing in the system grounds, particu- 
larly while bit decisions are being made in the successive 
approximation converter’s comparator. Pin 28 (AGND) on 
both the DSP101 and the DSP 102 is the most critical, and 
care should be taken to make this pin as close as possible to 
the same potential as the system analog ground. 

Whenever possible, it is strongly recommended that separate 
analog and digital ground planes be used. With an LSB level 
of 84pV at the 16-bit level, and one-quarter of that at the 18- 
bit level, the currents switched in a typical DSP system can 
easily corrupt the accuracy of the A/Ds unless great care is 
taken to analyze and design for current flows. 


POWER SUPPLY DECOUPLING 

All of the supplies should be decoupled to the appropriate 
grounds using tantalum capacitors in parallel with ceramic 
capacitors, as shown in Figure 6. For optimum performance 
of any high resolution A/D, all of the supplies should be as 
clean as possible. If separate digital and analog supplies are 
available in a system, care should be taken to insure that the 
difference between the analog and the digital supplies is not 
more than 0.5V for more than a few hundred milliseconds, 
as may occur at power-on. 

INPUT SIGNAL CONDITIONING 

To avoid introducing distortion, the DSP101 and DSP 102 
analog inputs must be driven by a source with low imped- 
ance over the input bandwidth needed in the application. Op 
amps such as the NE5532 or Burr-Brown’s OPA2604 work 
well over audio bandwidths. Figure 7 shows an appropriate 
input driver circuit. The 150£2 and 220pF shown on the input 
help reduce the dynamic load on the input signal condition- 
ing amp in front of the A/D, since all switched capacitor 
array architectures exhibit fast changes in input current load 
as the input sampling switch is opened and closed. These 
dynamic changes in the load can affect any signal condition- 
ing circuit at the input. Other R and C combinations can be 


74HC594(D 


Serial Data 


QA 

D15(LSB) 


4 D14 

SRCLR 

4 D13 

RCLR 

-7 D12 


4 — Dll 


-f DIO 

SR CLK 

D9 

QH QH 

1 D8 

RCK 

12 

74HC594< 1 > 




12 


+5V 
+5V C 

10 

_l_ 


^l3~ 

16 



11 


TTL Bit 
Clock 



Ll 

D1 

+5V o 

2 

D2 

+5V o 

9 

CLR CLK< 



Q7 


NOTE: (1) Substituting 
74HC595s provides three _ 
state outputs, with pin 13 (OE) 
used to enable the parallel 
data lines. 


Serial Data 

QA 

_JJL_ n7 

1 u/ 
_J nfi 


2 Ub 

on ULn 

Q 

£ H/t 

R CLR 

4 

H D3 


J> n? 

__ 

SCJD PI V 

_2 ni 

/On 

C\ U 

7 U1 

' nr> 



RCK 


CLK1 

Q1 

D1 


si 


R1 


D2 

CLK2< 

S2 


R2 

Q2 


Data Valid Signal 


FIGURE 9. Driving a 16-bit Parallel Port from the DSP101. 
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used, but the resistor should not exceed 200£2, or the output 
settling time of the signal conditioning amplifier may be too 
long. 

EXTERNAL ADJUSTMENTS 

All of the specifications for the DSP101 and DSP 102, plus 
the typical performance curves, are based on the perfor- 
mance of these A/Ds without external trims. In most appli- 
cations, external trims are not required. 

OFFSET ADJUST 

Where required by specific applications, offsets can be ad- 
justed using the circuit of Figure 8. When not adjusted, VOS 
(pin 4) on the DSP101, and VOSA (pin 4) and VOSB (pin 23) 
on the DSP 102, should be left open. If these pins are con- 
nected to traces on the board, they should be bypassed to 
ground with O.OljuF capacitors, as close as possible to the A/D. 

To trim offset, one alternative is to ground the analog input 
while converting continually. Then adjust the trimpot (on 
VOS for the DSP101, on VOSA and VOSB for the DSP102) 
until the output code is toggling between the codes FFFF and 
0000 (Hex) at the 16-bit level (3FFFF and 00000 at the 


18-bit level.) This will center the offset at 1/2 LSB below 
0V, which is respectively -42jxV or -10pV at the 16- and 
18-bit levels. 

The offset can also be adjusted by providing a sine wave to 
the A/D input. Using FFT, or even simple averaging of 
several thousand conversion results at a time, the trimpots 
can be adjusted until there is no DC offset of the signal. 

Grounding the input, or providing the sine wave, as far in 
front of the A/D as possible allows offset from intervening 
signal conditioning components to be also corrected by this 
procedure. ■ 

MSB ADJUST I 

In most applications, adjustment of the Most Significant Bit 
weight will not be required. When not adjusted, MSB (pin 3) 
on the DSP101, and MSBA (pin 3) and MSBB (pin 24) on 
the DSP 102, should be left open. If these pins are connected 
to traces on the board, they should be bypassed to ground 
with 0.0 lpF capacitors, as close as possible to the A/D. 

MSB (pin 3) on the DSP101, and MSBA (pin 3) and MSBB 
(pin 24) on the DSP 102, are internally connected to a 
resistor divider network that is used to laser-trim the weight 
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of the MSB capacitor in the CD AC. These pins are nomi- 
nally at +100mV after laser-trimming during manufacturing. 
They can handle external inputs up to about one diode drop 
below ground (-0.6 V) before internal clamping circuitry is 
triggered. 

Figure 8 shows an appropriate circuit for adjusting the 
weight of the most significant bit to minimize differential 
non-linearity at the critical major-carry transition. To adjust, 
provide a small amplitude sine wave to the selected A/D 
input pin while converting continually, and adjust for maxi- 
mum Signal-to-(Noise + Distortion) ratio, using appropriate 
signal analysis software. 

GAIN ADJUST 

If circuit gain needs to be adjusted in hardware, rather than 
in system software, appropriate trimpots should be included 
in the analog signal conditioning section in front of the 
DSP101 or DSP102. No specific gain adjust circuitry is 
included in the parts. 

APPLICATIONS 

INTERFACING DSP101 TO PARALLEL PORTS 

Figure 9 shows a circuit for converting the serial output data 
from the DSP101 into 16 bits of parallel data, within the 
timing constraints of the serial bit-stream from the DSP101. 
In many applications, this circuit can be easily incorporated 
into gate arrays or other programmed logic circuits already 
used in the system, since the extra gate count is not high. 

This circuit adds an additional pipeline delay to the conver- 
sion data, so that the parallel data from a conversion at time 


(t) is valid one conversion cycle plus 17 XCLK clocks later 
(at t+1 plus 17 times XCLK). A convert command at time 
(t+1) generates a Sync and begins transmitting serial data 
from SOUT. The serial data is shifted into the 74HC594 
shift registers, and Sync is shifted through the 74HC164 
shift registers. The Q1 output of the 74HC74 dual D-type 
flip-flops clocks the conversion data into the output register 
of the 74HC594s, and triggers a data valid signal on its Q2 
output. The user can then read the data at any time before the 
next conversion is started, and the Read signal will reset the 
data valid output from Q2. 

In many systems, galvanic isolation of signals is required. 
Using opto-couplers on the serial data lines in Figure 9 
allows a fully isolated system to be built using a DSP101 and 
only three couplers across the barrier (for serial data, XCLK 
and SYNC.) 

MULTIPLEXING INPUTS TO THE DSP101 

Figure 10 shows a complete circuit for sequentially scanning 
eight analog input channels with a single DSP101, and using 
the Tag feature on the DSP 101 to append the multiplexer 
channel address to the serial output conversion results. 

The circuit in Figure 10 includes the required digital logic 
and timing logic. The 74HC163 counter provides the scan 
sequence to the Burr-Brown HI-508A analog multiplexer. In 
order to allow the HI-508A enough time to switch to the next 
channel and settle before the DSP101 begins a conversion, 
a 74HC221 one-shot introduces a 3ps delay for the DSP101 
convert command input. 

The Burr-Brown OPA627 provides a low impedance source 
for the DSP101, buffering it from the output impedance of 



DSP PROCESSOR 

SYNC FORMAT 

SERIAL I/O WORD 

SSF< 2 > 

SWL< 3 > 

DSP32C, DSP16 

Active Low 

1 6 Bits 

LOW 

HIGH 

DSP56001 

Active High 

24 Bits 

HIGH 

LOW 

DSP56001 

Active High 

16 Bits 

HIGH 

HIGH 

TMS320C25/C30 

Active High 

16 Bits 

HIGH 

HIGH 

ADSP21 01/21 05 

Active High 

1 6 Bits 

HIGH 

HIGH 


(1) See Burr-Brown 
DSP201/DSP202 
product data sheet 
for full description of 
this DAC. 


FIGURE 11. Analog Input and Analog Output System. 
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the multiplexer. This unity-gain buffer minimizes distortion, 
taking full advantage of the resolution and bandwidth of the 
DSP101. 

The 74HC574D register delays the multiplexer address data 
by one conversion before appending the channel data to the 
serial conversion results from the DSP101. This attaches the 
channel address to the correct conversion results. Since the 
channel scanning shown in Figure 10 is sequential, this 
delay latch could be left out and software could recognize 
that the time (t) conversion results have the MUX address 
from the time (t-1) conversion appended. However, for 
systems using non-sequential scan lists, this delay latch is 
essential to maintain the conversion data and channel ad- 
dress integrity. 

The 74HC166 synchronous loading shift register loads the 
channel address tag data into the shift register on the rising 
edge of the bit clock, in conjunction with the Sync output of 
the DSP101. The channel address tag data is then clocked 
into the DSP 101 Tag input (pin 18) by the bit clock, while 
the conversion data is clocked out the other end of the 


DSP101 shift register (discussed in another section of this 
data sheet.) 

Figure 10 was developed and tested using a Burr-Brown 
ZPB34 DSP board, which contains an AT&T DSP32C, so 
that the SYNC output is programmed to be active LOW. The 
circuit needs to be modified for DSP processors from ADI, 
TI, and Motorola, which use active HIGH Sync pulses. For 
these processors, tie SSF (pin 12) on the DSP101 HIGH, and 
use a 74HC04 hex inverter to invert the Sync signal to the 
74HC574 and 74HC166. 

The same basic circuit can be duplicated to drive twoi 
channels in a DSP102, or can be easily modified for more orl 
less than eight channels of analog input. I 

USING DSP101 AND DSP102 WITH 
TEXAS INSTRUMENTS DSP ICS 

Figures 1 1 thru 17 show various ways to use the DSP101 
and DSP102 with DSP ICs from the Texas Instruments 
TMS320Cxx series. For simplicity, all of these circuits are 



FIGURE 12. Using DSP102 with TMS320C30. 



FIGURE 13. Using DSP102 with TMS320C30 in Cascade Mode. 
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based on using the TME320Cxx in the mode where SSF 
(Select Synch Format, pin 12) is tied HIGH, so that there is 
an active High synchronization pulse generated by the 
DSP101 or DSP102 after receiving a convert command. The 
synchronization pulse can be changed to active Low simply 
by making SSF LOW, where appropriate, without changing 
the basic operation of the A/Ds. 


In all cases, the DSP101 and DSP102 will transmit data 
MSB-first, and the TMS320Cxx needs to be programmed 
for this. 

Figure 11 shows a circuit for using the TMS320C25 or 
TMS320C30 in a complete analog input and analog output 
system using the DSP101 along with the Burr-Brown DSP201 
D/A. 


±2.75V Analog Input 2 
Channel A 1 

±2. 75V Analog Input 25 
Channel B 1 



XCLK 


SOUTA 

VINA 

SOUTB 

VINB 

SYNC 


SSF 


CASC 


CONV 


TTL Bit 
Clock 

TMS320C30 


CLKR-0 

CLKX-0 

CLKR-1 

CLKX -1 

DR-0 

DX-0 

DR-1 

DX-1 

FSR-0 

FSX-0 

FSR-1 

FSX-1 


DSP202 (3 > 

XCLK 

+ 3 V Analog Output 

s|nb VOUTA Channel A 

SYNC VOUTB Analog Output 

Channel B 


+5V O — 

+ 5VO-!°- 


qq NV .21 Conversion Rate 

_U Generator W 

NOTES: (1) Sample rate on DSP102 and DSP202 may differ. (2) Analog Devices 
are used for serial MSB first communication. (3) See Burr-Brown DSP201/DSP20; 


| vjeiujiaiui * ' | 1 1 

3P102 and DSP202 may differ. (2) Analog Devices ADSP2101 may be used. SPORT1 and SPORT2 
immunication. (3) See Burr-Brown DSP201/DSP202 product data sheet for full description of this DAC. 


Two-Channel Analog Input and Output System with TMS320C30. 


±2. 75V Analog Input 2 

Channel A VINA 

±2.75V Analog Input 25 

Channel B *- VINB 


TTL Bit 


Clock 

12 

TMS320C30 

1 fi 

20 

13 » 

^ un-u UA _ u 


JZ_ ONC 

14 



1® rf\n n rn\/ n 

11 

m ron-U roX-U 



12 ... 

O +5V 

22 

— — O +5V 


Conversion Rate 
Generator 


XCLK 


SINA 


SINB 

VOUTA 

SYNC 

VOUTB 

SSF 


SWL 


CASC 


CONV 



21 ±3V Anal< 
Chan 

5 ±3V Anali 


NOTES: (1) Program TMS320C30 for 32-bit mode. (2) Sample rate on DSP102 and DSP202 may differ. (3) DSP32C may be used in this mode. 
(4) See Burr-Brown DSP201/202 product data sheet for full description of this DAC. 


FIGURE 15. Two-Channel Analog Input and Output System with TMS320C30 in Cascade Mode. 
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USING TMS320C31 TO GENERATE clock. In this circuit, the DSP102 and DSP202 are used in 

ALL CONTROL SIGNALS their Cascade modes, transmitting and receiving two chan- 

Figure 17 shows a circuit for using the TMS320C31 with a ne ^ s ^ata * n a s * n §l e 32-bit word. (See the Cascade Mode 
DSP102 and a Burr-Brown DSP202 D/A to provide a two section above.) 

channel analog I/O system. The flexibility of the TMS320C31 Table II shows how to set up the circuit in Figure 17 for a 

allows it to generate the data transfer clock (XCLK) and the 44.1kHz conversion rate for both channels of the DSP102 

Convert Command, minimizing additional circuitry and syn- A/D and both channels of the DSP202 D/A. Both inputs and 
chronizing the timing signals to the processor’s master outputs will be simultaneously converted. 



FIGURE 16. Using DSP101 with TMS320C25. 



SERIAL PORT 

Port Global Control Register 

FSX/DX/CLKX Port Control Register 
FSR/DR/CLKR Port Control Register 
Receive/Transmit Timer Control Register 

0x0EBC040 

0x00000111 

0x000001 1 1 
0X0000000F 

TIMER 


Timer Global Control Register 

0x000002C1 

Timer Period Register 

0x000000B5 

| NOTE: Assumes TMS320C31 has 32MHz Master Clock. j 


TABLE II. TMS320C31 Register Settings for 44.1kHz Con- 
version Rate in Figure 17. 
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USING DSP101 AND DSP102 
WITH MOTOROLA DSP ICS 

Figure 18 shows how to use the DSP101 with a Motorola 
DSP56001. Using the DSP102 requires using two 
DSP56001s. The DSP56001 needs to be programmed to 
receive data MSB-first with SYNC in the Bit Mode. 

SSF (pin 12) needs to be tied HIGH for using either the 
DSP101 or the DSP102 with DSP56001s. This will cause 
the DSP101 or DSP102 to transmit an appropriate active 
High synchronization pulse on SYNC (pin 15) after a con- 
vert command is received by the A/D. Timing is shown in 
Figure 1. 

USING DSP101 AND DSP102 WITH AT&T DSP ICS 

Figures 1 1, 19, 20, and 21 show how to use the DSP101 and 


DSP102 with the DSP16 and DSP32C in different modes. 
The AT&T processors need to be programmed to accept 
data MSB-first, and the DSP101 or DSP 102 needs to have 
SSF (pin 12) tied LOW, so that an appropriate active Low 
synchronization pulse will be transmitted by the A/D after a 
convert command is received. 

Figures 19 and 20 show the DSP32C and DSP 16 respec- 
tively used with the DSP101 to handle a single analog input 
channel. 

Figure 21 shows how to transmit to a single DSP32C 
conversion results from both DSP 102 channels in a single 
32-bit word, using the Cascade mode on the A/D. 

Figure 1 1 indicates how to build a complete analog input and 
analog output system using a DSP32C or DSP 16 with a 
DSP101 and a Burr-Brown DSP201 D/A. 



FIGURE 18. Using DSP101 with DSP56001. 



FIGURE 19. Using DSP101 with DSP32C. 
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USING DSP101 AND DSP102 WITH ADI DSP ICS 

When using the DSP101 or DSP 102 with the fixed-point 
ADSP21xx series, the processors need to be programmed to 
receive data MSB -first. 

Figure 22 shows how to use the DSP 102 with an ADSP2101 
to provide a two-channel simultaneous sampling system. 

Figure 23 shows the connections required to generate an 
analog input channel using an ADSP2105 with the DSP101. 


The same basic circuit can be used to connect a DSP101 to 
the ADSP2101. 

Figure 11 indicates how to build a complete analog I/O 
system using either the ADSP2101 or the ADSP2105 with a 
DSP101 and a Burr-Brown DSP201 D/A. 

The two serial ports on the ADSP2101 can also be used with 
the DSP 102 and the Burr-Brown DSP202 D/A to make two 
complete analog I/O channels, as indicated in footnote 2 of 
Figure 14. 


±2. 75V Analog Input 



NOTE: DSP16 programmed for MSB bit first, 16-bit data. 


FIGURE 20. Using DSP101 with DSP16. 


±2. 75V Analog Input 
Channel A 
±2. 75V Analog Input 
Channel B 



NOTES: (1) DSP32C programmed 32-bit data MSB bit first. (2) Data format is Channel A, 16-bits, MSB first, then Channel B. 


FIGURE 21. Using DSP102 with DSP32C in Cascade Mode. 
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FIGURE 22. Using DSP102 with ADSP-2101. 



FIGURE 23. Using DSP101 with ADSP-2105. 


DEM-DSP1 02/202 EVALUATION BOARD fer options, a complete clocking circuit for the conversion 

An evaluation fixture, the DEM-DSP 102/202, is available to clock 311(1 bit clock - and anal °g filter modules. The board 

simplify evaluation of the DSP101 and DSP102, and the makes it easy to go from design concept to working proto- 
companion digital-to-analog converters, the single DSP201 t 5'P e ok a DSP-based system, offering two complete analog 

and dual DSP202. The DEM-DSP102/202 comes complete 1/0 channels. 

with a socketed DSP 102 and DSP202, a breadboard area, Contact your local Burr-Brown representative for a full data 

TTL I/O headers and differential line drivers for data trans- sheet on the DEM-DSP 102/202. 
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SDM862 

SDM863 

SDM872 

SDM873 


16 Single Ended/8 Differential Input 
12-BIT DATA ACQUISITION SYSTEMS 


FEATURES 


• COMPLETE 12-BIT DATA ACQUISITION 
SYSTEM IN A MINIATURE PACKAGE 

• INPUT RANGES SELECTABLE FOR 
UNIPOLAR OR BIPOLAR OPERATION 

• THROUGHPUT RATES: 862/3 872/3 

8-BIT ACCURACY: 45kHz 67kHz 
12-BIT ACCURACY: 33kHz 50kHz 

• SELECTABLE GAINS OF 1, 10 5 AND 100 

• FULL MICROPROCESSOR COMPATIBLE 
INTERFACE 

• GUARANTEED NO MISSING CODES OVER 
TEMPERATURE 

• SURFACE-MOUNT OR PIN GRID ARRAY 
PACKAGE OPTIONS 

• HIGH RELIABILITY SCREENED VERSIONS 
AVAILABLE 

• FULL SPECIFICATION OVER THREE 
TEMPERATURE RANGES: 

0 to +70°C, -25 to +85°C, -55 to +125°C 

• EVERY UNIT SUPPLIED WITH 
ELECTRICAL TEST DATA 

APPLICATIONS 

• INDUSTRIAL PROCESS MONITORING 

• AIRBORNE SYSTEMS MONITORING 

• ENGINE MONITORING 


• POWER PLANT MONITORING 

• SECURITY SYSTEMS MONITORING 

• AUTOMATIC TEST EQUIPMENT 


DESCRIPTION 


16 Single-Ended Inputs: 

SDM862 

SDM872 

8 Differential Inputs: 

SDM863 

SDM873 

33kHz Throughput Rate: 

SDM862 

SDM863 

50kHz Throughput Rate: 

SDM872 

SDM873 


The SDM components are complete, pin-compatible, 
data acquisition systems housed in a hermetically sealed 
1 "-square leadless chip carrier or a 1 . 1 "-square pin grid 
array. The small package outlines and low power con- 
sumption provide an ideal data acquisition solution 
when space is at a premium. 

The devices comprise of an input multiplexer, instru- 
mentation amplifier with selectable gains, sample/hold 
amplifier and A/D converter with microprocessor inter- 
face and three-state buffers. 

The SDM family will accept unipolar or bipolar voltage 
inputs in the range 0 to +10V, ±5V and ±10V. For low- 
level signals, jumper-selectable gains of 10 or 100 can 
be applied. The number of input channels can be ex- 
panded by the addition of multiplexers. System integra- 
tion is simplified by the microprocessor interface and 
the facility of the sample/hold amplifier being con- 
trolled directly by the A/D converter. 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C, V cc = ±15V, V DD = 5V, external sample/hold capacitor of 4700pF. All grades are burned-in at +125°C for 48 hours min. 



SDM862/863/872/873 J, A, R 

SDM862/863/872/873 K, B, S 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 



* 

Bits 

INPUT | 

ANALOG 








Voltage Ranges: Bipolar 



±5, ±10 



V 

Unipolar 



0-10 



V 

Input Impedance: On Channel 


10 10 



* 


a 

Off Channel 


10 10 



* 


Q 

Input Capacitance: On Channel 


20 



* 


pF 

Off Channel 


20 



* 


PF 

CMRR (20VDC to 1kHz) 

80 

85 


* 

* 


dB 

Crosstalk (20Vp-p, 1kHz) (1) 


-85 

-80 


* 

* 

dB 

Feedthrough (at 1kHz) (1) 


-85 

-80 


* 

* 

dB 

Offset (channel to channel) G = 1 (2) 


30 

100 


* 

* 

pV 

Input Bias Current/Channel 


1 

5 


* 

* 

nA 

Input Voltage Range (3) 

+10 

+11 


* 

* 


V 


-10 

-15 


* 

* 


V 

DIGITAL < 7 » 8 > 

MUX Input Channel Select: Logic ‘1’ 


5 

30 


* 

* 

pA 

Logic ‘0’ 


5 

30 


* 

* 

pA 

MUX Input: Logic High 

4.0 



* 



V 

Logic Low 



0.8 



* 

V 

S/H Command: Logic ‘1’ 


0.2 



* 


nA 

Logic ‘0’ 


5 

30 


* 

* 

pA 

ADC Section: Logic T 



10 



* 

pA 

Logic ‘0’ 



10 



* 

pA 

| TRANSFER CHARACTERISTICS j 

ACCURACY 

Integral Linearity < 4 > 



±0.024 



±0.012 

%FSR 

Differential Linearity < 4) 



±0.024 



* 

%FSR 

No Missing Codes 


Over Operating Temperature Range 




Gain Error < 5 >: G = 1 



0.5 



* 

% 

G = 100 


0.9 



* 


% 

Unipolar Offset Error (5) 


16 



* 


mV 

Bipolar Offset Error (6) 

Noise Error 



50 




mV 

(Measured at S/H Output) G = 1 


0.5 

1 


* 

* 

mVp-p 

Droop Rate 

Temperature Coefficients: 


50 

500 




pV/ms 

Unipolar Offset 



20 



15 

ppm of FSR/°C 

Bipolar Offset 



30 



25 

ppm of FSR/°C 

Full-Scale Calibration 



60 



35 

ppm of FSR/°C 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C, V cc = ±15V, V 0D = 5V, external sample/hold capacitor of 4700pF. 



SDM862/863/872/873 J, A, R 

SDM862/863/872/873 K, B, S 


PARAMETERS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

SYSTEM TIMINGS | 

ADC Conversion Time: SDM862/SDM863 

9 

20 

25 

* 

* 

* 

ps 

SDM872/SDM873 

9 

12 

15 

* 

* 

* 

PS 

S/H Aperture Delay 


50 



* 


ns 

S/H Aperture Uncertainty 


2 



* 


ns 

| TIMING | 

Throughput (Serial Mode) 

SDM862/SDM863 



22 



* 

kHz 

SDM872/SDM873 



28 



* 

kHz 

(Overlap Mode): 

SDM862/SDM863 



33 



* 

kHz 

SDM872/SDM873 



50 



* 

kHz 

MULTIPLEXER < 6 > 

Switching Time (between channels) 


+1.5 



* 


ps 

Settling Time (10V step to 0.02%) 


2.5 



* 


ps 

Enable Time ‘ON’ 


1 

2 


* 

* 

ps 

‘OFF’ 


0.25 

0.5 


* 

* 

ps 

INSTRUMENTATION AMPLIFIER < 6 > 

Settling Time (20V step to 0.01%) 








G = 1 


5 

12.5 


* 

* 

ps 

G = 10 


3 

7.5 


* 

* 

ps 

G = 100 


4 

7.5 


* 

* 

ps 

Slew Rate 

12 

17 


* 



V/ps 

S/H AMPLIFIER < 6 > 

Acquisition (10V step to 0.01%) 


5 



* 


ps 

Aperture Delay 


50 



* 


ns 

Hold Mode Settling Time 


1.5 



* 


ps 

Slew Rate 


10 





V/ps 

OUTPUT | 

DIGITAL DATA 








Output Codes: Unipolar 



Unipolar Straight Binary (USB) 




Bipolar 



Bipolar Offset Binary (BOB) 




Logic Levels: Logic 0 (Sink = 1 .6mA) 



+0.4 



* 

V 

Logic 1 (Source = 500pA) 

+2.4 



* 



V 

Leakage (Data Bits Only), High-Z State 

-5 

0.1 

+5 

* 



pA 

POWER SUPPLY REQUIREMENTS j 

Rated Voltage: Analog (±V CC ) 

14.25 

15 

15.75 

* 

* 

* 

VDC 

Digital (V DD ) 

4.5 

5 

5.5 

* 

* 

* 

VDC 

Supply Drain: +15V 


13 

22 


* 

* 

mA 

-15V 


22 

30 


* 

* 

mA 

+5V 


11 

15 


* 

* 

mA 

Power Dissipation 


580 

855 


* 

* 

mW 

TEMPERATURE RANGE | 

Operating Temperature Range 








JH, KH/JL, KL 

0 


70 

* 


* 

°C 

AH, BH/AL, BL 

-25 


+85 

* 


* 

°C 

RH, SH/RL, SL 

-55 


+125 

* 


* 

°C 

Storage Temperature Range 

-65 


+150 

* 


* 

°C 


* Specification same as SDM862/863/872/873J, A, R grades. 

NOTES: (1 ) Measured at the same and hold output. (2) Measured with all input channels grounded. (3) The range of voltage on any input with respect to common over 
which accuracy and leakage current is guaranteed. (4) Applicable overfull operating temperature range. NO MISSING CODES GUARANTEED OVER TEMPERATURE 
RANGE. (5) Adjustable to zero using external potentiometer or select-on-test resistor. (6) Specifications are at +25°C and measured at 50% level of transition. (7) When 
using TTL drivers a IkQ pull-up resistor should be used. (8) Muxes operate in a break-before-make manner. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DIGITAL TIMING 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONVERT 

tdsc 

MODE 

Status Delay from CE 


too 

200 

ns 

thee 

CE Pulse Width 

50 

30 


ns 

tssc 

CS to CE Setup 

50 

20 


ns 

thsc 

CS Low During CE High 

50 

20 


ns 

tsrc 

R/C to CE Setup 

50 

0 


ns 

thre 

R/C Low During CE High 

50 

20 


ns 

tsac 

Byte Select to CE Setup 

0 

0 


ns 

thac B\ 

/te Selected Valid During CE Hig 

h 50 

20 


ns 

tc 86X 

Conversion Time: 12 Bit Cycle 

9 

20 

25 

ps 


8 Bit Cycle 

6 

13 

17 

|XS 

tc 87X 

Conversion Time: 12 Bit Cycle 

9 

12 

15 

[IS 


8 Bit Cycle 

6 

8 

10 

[IS 

READ MOI 

tdd 

3E 

Access Time from CE 


75 

150 

ns 

thd 

Data Valid after CE Low 

25 

35 


ns 

thl 

Output Float Delay 


100 

150 

ns 

tssr 

CS to CE Setup 

50 

0 


ns 

tsrr 

R/C to CE Setup 

0 

0 


ns 

tsar 

Byte Select to CE Setup 

50 

25 


ns 

thsr 

CS Valid after CE Low 

0 

0 


ns 

thrr 

R/C High after CE Low 

0 

0 


ns 

thar 

Byte Select Valid after CE Low 

50 

25 


ns 

ths 86X 

Status Delay after Data Valid 

100 

500 

1000 

ns 

ths 87X 

Status Delay after Data Valid 

100 

300 

600 

ns 


ABSOLUTE MAXIMUM RATINGS* 1 ’ 


+V CC to ACOM 

-0.5V to +16V 

-V cc to ACOM 

+0.5 to -16V 

+V DD to DCOM 

-0.5V to +7.0V 

Analog Input Signal Range 

+V CC +20V to -V cc -20V 

Digital Input Signal 

-0.5V to +V DD 

ACOM to DCOM 

+1V 


NOTE: (1) Absolute maximum ratings are limiting values applied individually, 
beyond which the serviceability of the circuit may be impaired. Functions 
operation under any of these conditions is not necessarily implied. 


/QM HIGH RELIABILITY SCREENING 


High Power Internal 



24Hr at +1 50°C 

Temperature Cycling 

Constant Acceleration 

10 Cycles -65°C to +1 50°C 

30kG Y1 axis 

Hermeticity Fine Leak 

Hermeticity Gross Leak 

Fluorocarbon 

Burn-In 

160Hr at +125°C 


CONVERSION CYCLE TIMING 



READ CYCLE TIMING 
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ORDERING INFORMATION m 


Model 

Input 

LCC, PGA 
Package 

Accuracy 
(% FSR) 

Throughput 

Temperature 
Range (°C) 

Model 

Input 

LCC, PGA 
Package 

Accuracy 
(% FSR) 

Throughput 

Temperature 
Range (°C) 

SDM862J 

16SE 

L,H 

±0.024 

33kHz 

0 to +70 

SDM863J 

8DIF 

L, H 

±0.024 

33kHz 

0 to +70 

SDM862K 

16SE 

L,H 

±0.012 

33kHz 

0 to +70 

SDM863K 

8DIF 

L, H 

±0.012 

33kHz 

0 to +70 

SDM862A 

16SE 

L,H 

±0.024 

33kHz 

-25 to +85 

SDM863A 

8DIF 

L, H 

±0.024 

33kHz 

-25 to +85 

SDM862B 

16SE 

L,H 

±0.012 

33kHz 

-25 to +85 

SDM863B 

8DIF 

L, H 

±0.012 

33kHz 

-25 to +85 

SDM862R 

16SE 

L,H 

±0.024 

33kHz 

-55 to +125 

SDM863R 

8DIF 

L, H 

±0.024 

33kHz 

-55 to +125 

SDM862S 

16SE 

L,H 

±0.012 

33kHz 

-55 to +125 

SDM863S 

8DIF 

L, H 

±0.012 

33kHz 

-55 to +125 

SDM872J 

16SE 

L,H 

±0.024 

50kHz 

0 to +70 

SDM873J 

8DIF 

L,H 

±0.024 

50kHz 

0 to +70 

SDM872K 

16SE 

L,H 

±0.012 

50kHz 

0 to +70 

SDM873K 

8DIF 

L,H 

±0.012 

50kHz 

0 to +70 

SDM872A 

16SE 

L,H 

±0.024 

50kHz 

-25 to +85 

SDM873A 

8DIF 

L,H 

±0.024 

50kHz 

-25 to +85 

SDM872B 

16SE 

L,H 

±0.012 

50kHz 

-25 to +85 

SDM873B 

8DIF 

L,H 

±0.012 

50kHz 

-25 to +85 

SDM872R 

16SE 

L,H 

±0.024 

50kHz 

-55 to +125 

SDM873R 

8DIF 

L,H 

±0.024 

50kHz 

-55 to +125 

SDM872S 

16SE 

L,H 

±0.012 

50kHz 

-55 to +125 

SDM873S 

8DIF 

L,H 

±0.012 

50kHz 

-55 to +125 


NOTE: (1)16 single-ended inputs, LCC package, with accuracy of 0.24% FSR. Temp Range of 0°C to +70°C and throughput of 33kHz = SDM862JL. 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

DESCRIPTION 

NUMBER 

PC862/863-1 

LCC (Socketed) Evaluation PCB< 2 > 

907 

PC862/863-2 

PGA Evaluation PCB 

906 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. (2) Socket is MC0068-1 . 
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PIN CONFIGURATIONS 


<5 O = C/D 

00*0- £ 

gtoxxxxxxxxo^T-^sos 

SOOOOOOOOOXtDOSczC 


MUXADD2 0 


HOLD CAP [36] 


PIN 

GROUPING 

BY 

FUNCTION 


DOTTED 

LINE 

SHOWS 

SUPPLY 

SEPARATION 


TOP VIEW 
SDM862/SDM872 


> > CM CM 
0 0^-''“' 
zz. > 2 


o^unu o 

OOXXXXXXXXO-r- 

zqoooooooocco 


TOP VIEW 

SDM863/SDM873 


MUXADD1 [50] 
MUXADDO [49] 
MUX ENABLE [4§] 
CHO+ 0 
CH1+ [46] 
CH2+ [45] 


PIN 

GROUPING 

BY 

FUNCTION 


DOTTED 

LINE 

SHOWS 

SUPPLY 

SEPARATION 


[T] AMP OUT 
[g] AMP REF 
0 +15V (1) 
0 -15V (1) 
0 +5V (2) 
0 STATUS 
0 Dll 
0 DIO 

0 D9 
0 D8 
0 D7 
0 D6 
0 D5 
0 D4 
0 D3 
0 D2 

0 D1 


00000000000000000 


I £ g g 
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PIN DESIGNATION 

DEFINITION 

COMMENTS SDM8X2 = SDM862 OR SDM872 

CHO to CHI 5 

CHO to CH7 (+, -) 

(PINS 40 to 47, 54 to 61) 

Channel Inputs 

Analog Inputs (Total 16) for single-ended and differential operation. Unused 
inputs must be connected to analog common. 

MUX OUT+/AMP IN+ 

(PIN 65) 

MULTIPLEXER “HI” OUTPUT 

On the SDM8X2 this is the multiplexer output. On the SDM8X3 it is the 
output of the positive selected inputs. It is connected internally to the 
positive input of the instrumentation amplifier. 

MUXOUT (Pin 67) 

MULTIPLEXER “LO” OUTPUT 

This pin is used on the SDM8X3 only. It should be connected to the negative 
input of the instrumentation amplifier. 

AMP IN (Pin 66) 

Negative input of instrumentation 
amplifier 

On the SDM8X2 this should be connected to analog common. On the 

SDM8X3 it should be connected to Muxout — (Pin 67). 

AMP OUT (Pin 1) 

Output of instrumentation amplifier 

This pin should be connected to the input of the S/H amplifier (Pin 39). 

AMP SENSE (Pin 68) 

Output sense line of instrumentation 
amplifier 

This pin will normally be connected direct to AMP OUT (Pin 1). 

AMP REF (Pin 2) 

Reference for amplifier output 

This pin will normally be connected to analog common. Care should be 
taken to minimize tracking and contact resistance to analog common to 
optimize system accuracy. 

S/H OUT (Pins 35/37) 

Output of sample/hold amplifier 

Two pins are provided to facilitate a guard ring around the hold capacitor 
pin. These pins should be connected to either ADC in (20V) or ADC in (10V) 
depending on the desired range. 

HOLD CAP (Pin 36) 

Connection for hold capacitor on 

S/H amplifier 

The tracking to the hold capacitor should be as short as possible and a 
guard ring employed using Pins 35 and 37. 

ADC IN (20V); ADC IN (10V) 
(Pins 21, 22) 

Inputs to A/D converter 

Connect to S/H amplifier output. Use appropriate pin for desired range. 

RG, G10.G100 
(Pins 62, 63, 64) 

Gain settling pins on instrumentation 
amplifier 

For Gain = 1, no connections. For Gain = 10, connect G10 to RG. 

For Gain = 100, connect G100 to RG. 

REF OUT (PIN 26) 

1 0 V Reference voltage 

This is the reference voltage for the A/D converter. 

REFIN, BIPOFF 
(Pins 24, 23) 

Reference input and offset input to 

A/D converter 

Connect trim potentiometers (or select-on-test resistors) to these pins for 
unipolar or bipolar operation as shown in Figures 12, 13. 

S/H IN (Pin 39) 

Input to sample/hold amplifier 

Connect to amp out (Pin 1 ). 

MUX ENABLE (Pin 48) 

Multiplex enable/disable 

Logic T on this pin will enable a selected channel on the internal 
multiplexer. Logic ‘0’ de-selects all channels. 

MUX ADDO to MUX ADD3 
(Pins 49 to 52) 

Address inputs for channel selection 

These address lines select a particular channel as specified in Figure 24. 

S/H CONT (Pin 33) 

Track/Hold control on S/H amplifier 

Logic T holds an analog value for conversion by the A/D converter. This line 
may be controlled by the status (Pin 6) of the converter to simplify external 
timing control. 

S/H COM (Pin 34) 

Reference for S/H logic control 

Connect to digital common. 

DO to Dll (Pins 7 to 18) 

3-state digital outputs 

The 12- or 8-bit result of a conversion is available as output on these pins 
(D0-LSB, Dll -MSB). 

STATUS (Pin 6) 

Status of A/D conversion 

This output is at logic ‘1 ’ while the internal A/D converter is carrying out a 
conversion. This pin may be used to directly control the S/H amplifier. 

CE (Pin 28) 

Chip enable 

This input must be at logic ‘1 ’ to either initiate a conversion or read output 
data (see Figures 10, 17, 18, 19, 20). 

CS (Pin 31) 

Chip select 

This input must be at logic ‘0’ to either initiate a conversion or read output 
data (see Figures 10, 17, 18, 19, 20). 

R/C (Pin 29) 

Read/convert 

Data can be read when this pin is logic ‘1 ’ or a conversion can be initiated 
when this pin is logic ‘O’. This pin is typically connected to the R/W control 
line of a microprocessor-based system (see Figures 10, 17, 18, 19, 20). 

DATA MODE (Pin 30) 

Select 1 2 or 8 Bit Data 

When data mode is at logic ‘1 ’ all 12 output data bits are enabled 
simultaneously. When data mode is at logic ‘0’ MSBs and LSBs are 
controlled by byte select (Pin 32). 

BYTE SELECT (Pin 32) 

Byte address, short cycle 

When reading output data, byte select at logic ‘0’ enables the 8 MSBs. Byte 
select at logic ‘1 ’ enables the 4 LSBs. The 4 LSBs can therefore be connected 
to four of the MSB lines for inter-connection to an 8-bit bus. In start convert 
mode, logic ‘0’ enables a 12-bit conversion while logic ‘1’ will short cycle the 
conversion to 8 bits (see Figure 10). 

+15V(1), +15V(2)(Pins 3, 27) 

Power Supply 

Connect to +15V supply using decoupling as indicated in Figures 15, 16. 

— 1 5V(1 ), -15V(2)(Pins 4, 20) 

Power Supply 

Connect to -15V supply using decoupling as indicated in Figures 15, 16. 

ACOM(2) (Pin 25) 

Analog Common 

Analog common connection. Note that a common (including digital 
common) should be connected together at one point close to the device. 

DCOM (1) (Pin 53) 

Reference for MUX logic control. 

Connect to digital common. 

+5 V (Pin 5) 

Logic power supply 

Connect to +5V digital supply line with decoupling as in Figures 15, 16. 

DCOM(2) (Pin 19) 

Reference for A/D converter control 
lines 

Connect to S/H common at one point close to device. 

NC (Pin 38) 

No internal connection 
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SYSTEM DESCRIPTION 

The SDM comprises four circuit elements — an input-pro- 
tected multiplexer, an instrumentation amplifier, a sample/ 
hold amplifier, and an analog-to-digital converter. 

INSTALLATION 

MULTIPLEXER 

The SDM family has a choice of input multiplexers (MUX). 

SDM862 and SDM872: 16 single-ended inputs 

SDM863 and SDM873: 8 differential inputs 

On all models, the analog inputs may be expanded using the 
enable control. See Figure 1. When the enable is at a logic 
“0,” the internal MUX is disabled, allowing additional 
multiplexers to be connected in parallel. The limiting factor 
for the number of additional multiplexers is the cumulative 
effect of leakage current flowing in the signal source imped- 
ance, causing offset errors. 

Differential inputs will generally eliminate the noise associ- 
ated with common system grounds, but care must be taken 


IV 

E) 



FIGURE 1. External Multiplexer Connections for Differen- 
tial and Single-Ended Operation. 


to ensure that neither of the differential inputs exceed the 
maximum input range. Otherwise, signal distortion will 
result. A return path for the input bias currents must always 
be provided. This prevents the charging of stray capaci- 
tances in applications using floating sources, such as trans- 
formers and thermocouples. Multiplexer inputs are protected 
from overvoltage, as indicated in the electrical specifica- 
tions, and should be current limited to 20mA. 

Where high-speed operation is required and channels require 
rapid sampling, then it is important to buffer the inputs 
against the effect of current sharing between the MUX 
output capacitance and the input filter capacitance. See 
Figure 2. 



FIGURE 2. Filter and MUX Capacitance. 


All data acquisition systems using a MUX require consider- 
ation of the errors that may be introduced by MUX output 
capacitance. The applications information explains this more 
fully in the input filtering section. 

Shown in Figure 3 is an application that demonstrates the 
flexibility of signal conditioning and gives the opportunity 
to use a higher bandwidth filter. Diodes shown are low 
leakage types (lna). The low output impedance of the 
amplifiers reduces the time taken to charge MUX capaci- 
tance C M . 

INSTRUMENT AMPLIFIER 

The instrument amplifier (INA) presents a very high input 
impedance to the signal source, eliminating gain errors 
introduced by voltage divider action between the source 
output impedance and SDM input impedance. Where the 
differential models are used, the INA performs the differen- 
tial to single-ended conversion required to drive the sample/ 
hold amplifier. Gains may be set by using external jumpers, to 
values of 1 (no jumper), 10 and 100. For gains other than 
these presets, the following formula may be used to find an 
external resistor value to add in series with the G = 10 or G 
= 100 jumpers. 

40kO Where Ri = 44440, G = 10 input. 

ext G - 1 4040, G = 100 input. 

It should be noted that the internal gain set resistors have a 
±20% tolerance and ±20ppm/°C drift. 
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Conditioning. 



Where it is necessary to keep the input amplifiers from 
saturating or increasing the overall gain, then the gain of the 
output amplifier can be increased from unity by using the 
circuit in Figure 5. 


The values of the resistors in Figure 5 are in the following 
table. 


O/P GAIN 

R, and R 3 Q. 

r 2 q 

2 

1200 

2740 

5 

1000 

511 

10 

1500 

340 



FIGURE 5. Increasing Output Amplifier Gain. 


Matching of Rj and R 3 is required to maintain high common- 
mode rejection (CMR), R 2 sets the gain and may be varied 
without effect on CMR. 

To ensure that the effects of temperature are minimized 
when altering the gain with external components, it is very 
important to use low tempco resistors. When connecting the 
output sense, ensure that series resistance is minimized 
because resistance present will degrade CMR. 


SETTLING TIME vs GAIN 
(0.01%, 20V Step) 



1 10 100 
Gain (V/V) 



1 10 100 Ik 10k 100k 1M 


Frequency (Hz) 


FIGURE 6. Typical INA Settling Time and CMR. 


1MM1 


Burr-Brown 1C Data Book — Data Conversion Products 


2.375 


A/D CONVERTERS, DATA ACQUISITION COMPONENTS Q SDM862/3/872/3 














For Immediate Assistance, Contact Your Local Salesperson 


Some applications may require programmable gains. This 
may be realized with Figure 7. 



SAMPLE/HOLD AMPLIFIER 

The Sample/Hold amplifier (S/H) is used to track the incom- 
ing signal and “hold” the required instantaneous value so 
that it does not change while the ADC is carrying out its 
conversion. Timing for the S/H may be derived from the 
STATUS output of the ADC, with care being taken to 
comply with the SDM timing considerations. 

Capacitors with high insulation resistance and low dielectric 
absorption such as Teflon™, polystyrene or polypropylene 
should be used as storage elements. (Polystyrene should not 
be used above +80°C.) Teflon™ is recommended for high 
temperature operation. Care should be taken in the printed 
circuit layout to minimize stray capacitance and leakage 
currents from the capacitor to minimize charge offset and 
droop errors. The use of a guard ring driven by the S/H 
output around the pin connecting to the hold capacitor is 
recommended. (Refer to the application board layout for an 
example of this.) 

The value of the external hold capacitor determines the 
droop rate, charge offset and acquisition time of the S/H, 
Figure 8. Droop rate for the SDM is specified with a hold 
capacitor value of 4700pf. There is a trade-off between 



FIGURE 8. Acquisition Time vs Hold Capacitance for a 10V 
Step Settling to ±10mV of Final Value. 


acquisition time and droop rate, as the hold capacitor is 
increased in value it takes longer to charge, and hence there 
is a corresponding increase in acquisition time and reduction 
in droop rate. The droop rate is determined by the amount of 
leakage present in the SDM, board leakage and the dielectric 
absorption of the hold capacitance. The hold capacitor is 
also a compensation element for the S/H and should not be 
reduced below 2nf for good stability. The offset error in 
sample mode is not affected by the hold capacitor. However, 
during the transition to hold mode there is approximately 
5pC of charge injected into the hold capacitor, causing an 
offset error that has been nulled for use with a 5nf hold 
capacitor. Any other value for the hold capacitor will cause 
a minor but fixed hold mode offset to be introduced, and is 
proportional to the change in value from 5nf. Therefore, the 
SDM should be offset nulled with the S/H in hold mode. 

ANALOG-TO-DIGITAL CONVERTER 

This circuit element converts the analog voltage presented 
by the sample/hold amplifier to a digital number in binary 
format under control of the digital signals detailed in Figure 
9. The converter can convert unipolar and bipolar signals in 
the range 10V and 20V. It can be calibrated to remove gain 
and offset errors from the entire system. The converter 
contains its own clock, voltage reference, and microproces- 
sor interface with 3-state outputs. The converter will nor- 
mally be used to digitize signals to 12-bit resolution, but it 
can be short-cycled to provide 8-bit resolution at higher 
speed. The digital output is compatible with 8- or 16-bit data 
buses, the data format being selected by control signals as 
detailed in Figure 9. 
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Enable 4 LSBs plus 4 
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FIGURE 9. Control Input Truth Table. 


LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or minus 
full scale for bipolar operation) and plus full scale. The zero 
value is located at an analog input value 1/2LSB before the 
first code transition (000 H to 00 1 H ). The full-scale value is 
located at an analog value 3/2LSB beyond the last code 
transition (FFE H to FFF H ) (see Figure). Thus, with the SDM 
connected for bipolar operation and with a full-scale range 
(or span) of 20V (±10V), the zero value of -10V is 2.44mV 
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below the first code transition (000 H to 00 1 H at -9.99756V) 
and the plus full-scale value of +10V is 7.32m V above the 
last code transition (FFE H to FFF H at +9.99268) (see Figure 
13). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes requires 
that every code combination appear in a monotonically- 
increasing sequence as the analog input is increased through- 
out the range. Thus, every input code width (quantum) must 
have a finite width. If an input quantum has a value of zero 
(a differential linearity error of -1LSB), a missing code will 
occur. 

The SDM is guaranteed to have no missing codes to 12-bit 
resolution over it’s respective specification temperature 
ranges. 

UNIPOLAR OFFSET ERROR 

An SDM connected for unipolar operation has an analog 
input range of 0V to plus full scale. The first output code 
transition should occur at an analog input value 1/2LSB 
above 0V. Unipolar offset error is defined as the deviation of 
the actual transition value from the ideal value. The unipolar 
offset temperature coefficient specifies the change of this 
transition value versus a change in ambient temperature. 

BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined bipo- 
lar offset as the first transition value above the minus full- 


scale value. The SDM specification, however, follows the 
terminology defined for the 574 converter several years ago. 
Thus, bipolar offset is located near the midscale value of 0V 
(bipolar zero) at the output code transition 7FFH to 800H. 

Bipolar offset error for the SDM is defined as the deviation 
of the actual transition value from the ideal transition value 
located 1/2LSB below 0V. The bipolar offset temperature 
coefficient specifies the maximum change of the code tran- 
sition value versus a change in ambient temperature. 

FULL SCALE CALIBRATION ERROR I 

The last output code transition (FFE H to FFF H ) occurs for anl 
analog input value 3/2LSB below the nominal full-scale 1 
value. The full-scale calibration error is the deviation of the 
actual analog value at the last transition point from the ideal 
value. The full-scale calibration temperature coefficient speci- 
fies the maximum change of the code transition value versus 
a change in ambient temperature. 

OPERATING INSTRUCTIONS 

OPERATING MODES 

The SDM can operate in one of two modes, namely serial 
and overlap, as shown in Figure 10. In serial mode, control 
of the device is such that a multiplexer channel X is first 
selected, time is then allowed for the instrumentation ampli- 
fier to settle, the sample/hold amplifier is set to HOLD mode 
and finally a conversion is carried out. This procedure is 
then repeated for channel Y. Faster throughput can be 
obtained using overlap mode. While a conversion is being 
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FIGURE 10. Serial and Overlap Modes of Operation. 
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carried out by the ADC on a voltage from channel X held on 
the sample/hold, channel Y is selected and the multiplexer 
and instrumentation amplifier allowed to settle. In this way, 
the total throughput time is limited only by the sum of the 
sample/hold acquisition time and the ADC conversion time. 

CALIBRATION - UNIPOLAR 

If adjustment of unipolar offset and gain are not required, 
then the gain set potentiometer in Figure 11 (Unipolar 
operation) may be replaced with a 50Q, 1% metal film 
resistor, and the offset network replaced with a connection 
from pin 23 to ground. 



CALIBRATION - BIPOLAR 

If adjustment of bipolar offset and gain are not required then 
the gain set and offset potentiometers in Figure 12 (Bipolar 
operation) may both be replaced with 50Q, 1% metal film 
resistors. 



20V 10V 

Span Span 

Inputs 


CALIBRATION - GENERAL 

The input voltage ranges of the ADC are 0-1 0Y, ±5V and 
±10V. Calibration in all ranges is achieved by adjusting the 
offset and gain potentiometers (indicated in Figures 1 1 and 
12) such that the 000 to 001 code transition takes place at 
+1/2LSB from full-scale negative (-FS) and the FFE to FFF 
transition takes place at -3/2LSB from full-scale positive 
(+FS). The procedure is therefore to select the required range 
from Figure 13, apply the specified (-FS+1/2LSB) voltage 
to any selected input channel and adjust the offset potenti- 
ometer for the 000 to 001 transition. The (+FS-3/2LSB) 
voltage should then be applied to the same channel and the 
gain potentiometer adjusted for the FFE to FFF transition. 
The offset should always be made before the gain adjustment. 


FULL-SCALE 
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000 TO 001 
TRANSITION VOLT. 

FFE TO FFF 
TRANSITION VOLT. 

1LSB 

EQUALS 

0-1 ov 

+0.001 2V 

+9.9963V 

2.44mV 

±5V 

-4.9988V 

+4.9963V 

2.44mV 

±10V 

-9.9976V 

+9. 9927V 

4.88mV 


FIGURE 13. Code Transition Ranges. 



FIGURE 14. SDM Transfer Characteristic Terminology. 


GROUNDING, DECOUPLING 
AND LAYOUT CONSIDERATIONS 

It should be noted that the multiplexer/instrumentation am- 
plifier section and sample/hold plus ADC section of the 
SDM have separate power connections. This is to enable 
more flexible grounding techniques to be implemented, 
Figures 15, 16. It also facilitates the use of independent 
decoupling of the analog front-end power supply, and the 
ADC plus associated digital circuitry power supply if de- 
sired. In this way, a separately decoupled analog front-end 
can be made to be substantially more immune to power 
supply noise generated by the ADC circuitry than if the 


FIGURE 12. Bipolar Calibration. 
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power supplies to the two sections were directly connected. via one track to a single point as close as possible to the 

This feature is important where low-level signals are in use SDM. To check that the grounding structure is correct, the 

or high input signal noise immunity is desired. ground tracking should be sketched and a grounding “tree” 

The output section has three grounds: should result whereb y a11 S rounds route t0 a central P oint 

Pin 25 Analog Common, A/D Converter In § eneral ’ la y° ut should be such that analo £ and di 8 ital 

Pin 34 S/H Amp Digital Input Reference tracks are separated as much as possible with coupling 

Pin 19 Digital Common, A/D Converter between analog and digital lines minimized by careful lay- 

out. For instance, if the lines must cross they should do so 
The input section has one ground: a t right angles t0 each other Para n e l analog and digital lines 

Pin 53 Common for digital MUX-inputs and power should be separated from each other by a pattern connected 

supply decoupling. to common. 

All grounds have to be interconnected externally to the 
SDM, and it is recommended that all grounds are connected 



FIGURE 15. Recommended Decoupling of Power Supplies. 



FIGURE 16. Galvanic Isolation Between Analog and Digital Signals. 
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FIGURE 19 A. SDM on the Z80 Interface. 
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CONTROLLING THE SDM 

The Burr-Brown SDM family can be easily interfaced to 
most microprocessor systems, as shown in Figures 17-20. 
The microprocessor may control each conversion, or the 
converter jnay operate in a stand-alone mode controlled only 
by the R/C input. 

STAND-ALONE OPERATION 

The stand-alone mode is used in systems containing dedi- 
cated input ports which do not require full bus interface 
capability. 

Control of the converter is accomplished by a single control 
line connected to R/C. In this mode CS and BYTE SELECT 
are connected to LOW and CE and DATA MODE are 
connected to HIGH. The output data are presented as 12-bit 
words. 

Conversion is initiated by a High-to-Low transition of R/C. 
The three- state data output buffers are enabled when R/C is 
high and STATUS is low. Thus, there are two possible 
modes of operation; conversion can be initiate^ with either 
positive or negative pulses. In each case the R/C pulse must 
remain low for a minimum of 50ns. 

Figure_21 illustrates timing when conversion is initiated by 
an R/C pulse which goes low and returns to the high state 
during the conversion. In this case, the three-state outputs go 
to die high-impedance state in response to the falling edge of 
R/C and are enabled for external access of the data after 
completion of the conversion. Figure 22 illustrates the tim- 
ing when conversion is initiated by a positive R/C pulse. In 
this mode the output data from the previous conversion is 
enabled during the positive portion of R/C. A new conver- 
sion is started on the falling edge of R/C, and the three-state 
outputs return to the high impedance state until the next 
occurrence of a high R/C pulse. Table I lists timing specifi- 
cations for stand-alone operation. 

FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the state 
of the BYTE SELECT input, which is latched upon receipt 
of a conversion start transition. BYTE SELECT is latched 
because it is also involved in enabling the output buffers. No 
other control inputs are latched. If BYTE SELECT is latched 
high, the conversion continues for 8 bits. The full 12-bit 
conversion will occur if BYTE SELECT is low. If all 12 bits 
are read following an 8-bit conversion, the 3LSBs (DB0- 
DB2) will be low (logic 0) and DB3 will be high (logic 1). 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Low R/C Pulse Width 

50 



ns 


STS Delay from R/C 



200 

ns 

*HDR 

Data Valid After R/C Low 

25 



ns 

t H s 86X 

STS Delay After Data Valid 

300 

500 

1000 

ns 

t HS 8 7 X 


100 

300 

600 

ns 

u 

High R/C Pulse Width 

150 



ns 

^DDR 

Data Access Time 



150 

ns 


TABLE I. Stand-Alone Mode Timing. 



FIGURE 21. R/C Pulse Low — Outputs Enabled After Con- 
version. 
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FIGURE 22. R/C Pulse High — Outputs Enabled Only Where 
R/C is High. 


Conversion Start 

A conversion is initiatedby a transition on any of three logic 
inputs (CE, CS, and R/C) — refer to Figure 9. The last of the 
three to reach the required state start the conversion and thus 
all three may be dynamically controlled. If necessary, they 
may change state simultaneously, and the nominal delay 
time is independent of which input actually starts the con- 
version. If it is desired that a particular input establish the 
actual start of conversion, the other two should be stable a 
minimum of 50ns prior to the transition of that input. Timing 
relationships for start of conversion timing are illustrated in 
Conversion Cycle Timing of the Digital Specifications. 
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FIGURE 23. 12-Bit Data Format for 8-Bit Systems (connected as Figures 18 and 19). 
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The STATUS output indicates the state of the converter by 
being high only during a conversion. During this time the 
three-state output buffers remain in a high-impedance state, 
and therefore, data is not valid. During this period additional 
transitions of the three control inputs will be ignored, so that 
conversion cannot be prematurely terminated or restarted. 
However, if BYTE SELECT changes state after the begin- 
ning of conversion, any additional start conversion transition 
will latch the new state of BYTE SELECT, possibly result- 
ing in an incorrect conversion length (8 bit versus 12 bits) 
for that conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four conditions 
are met: R/C high, STATUS low, CE high, and CS low. In 
this condition the data lines are enabled according to the 
state of the inputs DATA MODE and BYTE SELECT. See 
Read Cycle Timing for timing relationships and specifica- 
tion. 

In most applications the DATA MODE input will be 
hardwired in either the high or low condition, although it is 
fully TTL- and CMOS -compatible and may be actively 
driven if desired. When DATA MODE is high, all 12 
outputs lines (DBO-DB 11 ) are enabled simultaneously for 
full data word transfer to a 12-bit or 16-bit bus and the state 
of the BYTE SELECT is ignored. 

When DATA MODE is low, the data is presented in the 
form of two 8-bit bytes, with selection of each byte by the 
state of BYTE SELECT during the read cycle. 

The BYTE SELECT input is usually driven by the least 
significant bit of the address bus, allowing storage of the 
output data word in two consecutive memory locations. 

When BYTE SELECT is low, the byte addressed contains 
the 8MSBs. When BYTE SELECT is high, the byte ad- 
dressed contains the 4LSBs from the conversion followed by 
four zeros that have been forced by the control logic. The 
left-justified formats of the two 8-bit bytes are shown in 
Figure 23. The design of the SDM guarantees that the BYTE 
SELECT input may be toggled at any time without damage 
to the output buffers occurring. 

In the majority of applications, the read operation will be 
attempted only after the conversion is complete and the 
status output has gone low. In those situations requiring the 
fastest possible access to the data, the read may be started as 
much as (tp D max + t^ max) before STATUS goes low. 
Refer to Read Cycle Timing for these timing relationships. 

APPLICATIONS INFORMATION 

ASSEMBLY OF SURFACE MOUNT PACKAGES 

There are several assembly methods for the LCC versions of 
the SDM8XX. The associated advantages and disadvantages 
of three methods are outlined below. 


1. DIRECT SURFACE MOUNT ONTO PCB 


ADVANTAGES 

DISADVANTAGES 

Ease of assembly 

Low cost 

Low weight 

Small footprint size 

Difficult to inspect solder joints 

Difficult to clean 

Choice of board material important in 
wide temperature range applications 


In wide temperature applications it is important to match the 
coefficients of thermal expansion of the board and the 
SDM8XXL. Below is a list of materials and their approxi- 
mate coefficients of linear thermal expansion. 


MATERIAL 

(ppm/°C) 

Alumina (96%) - SDM Package 

6-7 

Copper-clad-lnvar (50% Cu) 

9 

(30% Cu) 

6 

(10% Cu) 

3 

Epoxy-Kevlar (60% Kevlar) 

6 

Polyimide-Kevlar (40% Kevlar) 

6 

Beryllia 

5 

Polyimide-glass (x-axis) 

12 

(y-axis) 

14 


Kevlar™ E.l. du Pont de Nemours & Co. 


2. ATTACHMENT OF 
SURFACE MOUNT EDGE CLIPS 


ADVANTAGES 

DISADVANTAGES 

Ease of Inspection 

Easy cleaning 

Thermal expansion taken up by 
the flexing of the edge clips 

Extra cost 

Extra assembly 


ASSEMBLY 

The edge clips are attached to the edges of the SDM8XXL 
as in Figure 24 before the device is mounted on to the board. 



FIGURE 24. Edge Clip Assembly. 


SUPPLIERS OF EDGE CLIPS 


USA 

USA 

DIE-TECH INC., 

R.D. 1, Sipe Road, 

York Haven, 

PA 17370 USA 

PHONE: (717) 938-6771 

NAS Electronics, 

381 Park St., 

Hackensack, 

NJ 07602 USA 

PHONE: (201) 343-3156 

EUROPE 

EUROPE 

SEMI-DICE (UK) Ltd, 
Buckingham House, 

Mineral Lane, 

Chesham, 

Bucks. HP5 2AU UK 

PHONE: 0494 771275 

NASBRIT Ltd, 

Wester Goudi Ind. Est. 

Dundee DD2 4UX 

UK 

PHONE: 0382 622222 
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3. SURFACE MOUNT SOCKET 


ADVANTAGES 

DISADVANTAGES 

Board thermal expansion 
not so critical 

Ease of component 
replacement 

Cost 

Extra height (if critical) 


Below is the name and address of a supplier of a 68-pin surface mountable 
socket. 

The part number is: Socket 212-068-012 


Spring cover CCS-004 


USA 

EUROPE 

Methode Electronics INC, 
Interconnect Products Div. 

1700 Hick Road, 

Rolling Meadows, TX 75050 

USA 

PHONE: (312X392-3500 

Lucas Methode Connectors Ltd, 
Halifax Road 

Ingrow Bridge, 

Keighley, Yorkshire BD21 5HR 

UK 

PHONE: 0535 603282 


General Comments 

The advantages and disadvantages of all the methods men- 
tioned above are for general use of surface mount compo- 
nents. Every user will find that the importance of these 
factors will depend on his application and situation. 

EVALUATION BOARD 

For the engineer who wishes to evaluate the SDM family, 
Burr-Brown has designed printed circuit boards on a single 
‘Eurocard’ (shown here for LCC only). These boards enable 
the design engineer to experiment with various accuracy 
improvement techniques which are described below. Special 
consideration has been given to the grounding and circuit 
layout techniques required when dealing with 12-bit analog 
signals. 

The printed circuit board has been designed so that the 
solutions to several of the problems likely to be encountered 
by the user can be examined. 

It should not be thought that every user is required to adopt 
all of the techniques used on the circuit board. In many 
applications very few external components will be required. 


However, in following the application guidelines illustrated 
by the circuitry and accompanying notes, the designer will 
be able to select and adapt the solutions most suited to their 
won particular application or problem area. 

Provisions for the following are made on the LCC PC board: 

— 68 pin LCC socket (Burr-Brown Part No. MC0068). 

— 8 differential or 16 single-ended inputs. 

— Input filtering with overvoltage protection for each chan- 
nel. 

— Socket for quad D-type flip-flop 74175 (MUX address 
latches). 

— 7 additional I.C. sockets for easy interfacing to various 
BUS systems (connection by wire wrap techniques). 

— 2 voltage regulators (15V). 

— LC power supply decoupling. 

The layout pays particular attention to the requirements 
when operating with precision analog signals. This requires 
strict separation of the analog and digital areas. Analog and 
digital commons are totally separated and connected to- 
gether only at the commons of the supply voltage. All 
common lines are low resistance and low inductance. 

SUPPLY VOLTAGES 

In order to avoid coupling between the external supply 
voltage 15V supplies, 2 voltage regulators (78M15, 79L15) 
are provided on the PC board. The unregulated supply 
voltage may vary from ±17V to ±25V. 

The MUX/INA section and SHC/ADC section of the SDM 
have separate supply lines which can be inductively 
decoupled. This is recommended in order to suppress the 
high frequency noise which comes from the ADC during 
conversion. 

The power supply rejection of the instrumentation amplifier 
reduces with increasing frequency. If high frequency noise 
on the supplies is not decoupled it will be injected into the 
signal path and cause errors. This effect can be particularly 
pronounced when using the ‘overlap’ mode since the instru- 
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FIGURE 25. Channel Select Truth Table. 
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mentation amplifier is settling to a new analog value while 
the ADC is still carrying out the previous conversion. 

The digital supply voltage is +5V and is also LC-filtered. 

All supply lines are bypassed with a lOpF tantalum and a 
lOOnF ceramic capacitor situated as close as possible to the 
package. 

If the voltage regulators for the ±15V are not used, small 
inductors for decoupling of the supply voltages are recom- 
mended. If inductors are not fitted a dynamic ground loop 
will be created from supply lines via bypass capacitors to 
analog common. 

INPUT PROTECTION 

The multiplexer is protected up to an input voltage which 
can exceed the supply voltage by a maximum of 20V. This 
means, that with ±15V supply voltage, the input voltage can 
be ±35V without damage. This is also the case when the 
supply voltages are switched off (0V). The maximum input 
voltage can then be ±20V. For higher overvoltage protection 
a series resistor has to be used. The current via the multi- 
plexer should be limited to 20mA absolute maximum, 1mA 
is preferred. For example, a lOkQ series resistor would give 
an additional 10V overprotection. 

For much higher overvoltages (e.g. 100V), high value series 
resistors cannot be used as offset errors would result. In 
practice, a combination of series resistors and diodes is used. 
The diodes are connected to ±15 V and will conduct when- 
ever the input voltage exceeds the ± 15V supply voltage. The 
diodes are selected by signal source impedance, as well as 
filter resistance, as the diode leakage current across the 
series resistor can cause offset and linearity errors. In this 
circuit, IN4148 together with 10k£2 are used. 

INPUT FILTER 

Processor noise can be induced in the analog ground. Input 
filtering is therefore recommended for analog data acquisi- 
tion. Such high frequency noise signals can cause dynamic 
overload of the instrumentation amplifier resulting in non- 
linear behavior. This leads directly to digitizing errors. 

The design of the filter takes into account the characteristics 
of the SDM and of the signal source. 

The following points have to be considered: 

— The stray capacitance, output capacitance of the multi- 
plexer and input capacitance of the instrument amplifier 
(up to 80pf in some cases) has to be discharged in order 
to minimize errors caused by ‘charge sharing.’ 

— The series resistor limits the current in the protection 
diodes, but it also has to be selected for the required filter 
time constant. 

— The noise rejection of the filter has to be >80db in order 
to satisfy a 12-bit A/D conversion. 

As well as considering the above, different calculations 
have to be carried out for single and differential input 
signals. 



FIGURE 26. 


Single-Ended Measurement 

R f limits the maximum input current through the protection 
diodes. In this case, R f has been chosen as lOkQ and together! 
with the capacitor C g , forms the input filter time constant (C I 
= 0.47pF). The time constant must be chosen according tol 
the requirements of the input signal bandwidth and noise 
rejection. The multiplexer capacitance (C m ) is discharged 
mainly by C g . This means C g has to be sufficiently large 
compared with C m or charged via R f prior to re-sampling of 
the signal. 



Differential Measurement 

Capacitor C f , is used for limiting the input signal frequency. 
The bandwidth is calculated as follows: 

F f = 4it R,C f IF C f > > C g 

When selecting the value of C f , it should be noted that C m 
has to be discharged when switching the multiplexer chan- 
nels. This means that the voltage error of C f (induced by 
‘charge sharing’ with C ) has to be smaller than 1LSB. 
Therefore, C f should have a minimum value of a 0.47 pF. 
The resistors R f , together with the source impedance, have to 
be sufficiently small in order to recharge C f prior to signal 
sampling. This prevents errors in the signal value caused by 
the charge stored on C m by the previously selected channel. 

The 2 capacitors C g form together with R f a common-mode 
filter. This filter greatly improves accuracy in a noisy envi- 
ronment (decrease of common-mode rejection of instrumen- 
tation amplifier with increasing frequency). 

For good common-mode filter operation, both time con- 
stants R f and C should match each other within 2%. Addi- 

f g 

tional errors will be induced by a mismatch. 

Selected values are: C f = 0.47pF, C g = lOnF, R f = lOkQ. The 
filter reduces the signal slew rate so that the instrumentation 
amplifier can follow the voltage variation of the signal with 
the noise component eliminated. 

In general, all measurements which require more than a gain 
of 10 should be done in differential mode. Single ended 
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measurements should be limited to applications where cur- 
rent sources are measured via shunts or where signal volt- 
ages in the range of some volts are available. 

Bus-Interface 

As the outputs of the SDM are BUS compatible, only a few 
ICs are necessary to interface to various BUS systems. For 
such interfacing, 20-pin IC sockets are provided. Wiring is 
by wire wrap to the BUS connector. 

Setting of Various Modes 

Circuit Board positions are provided for the connection of 
‘jumpers’ as follows: 

Jl, J2 — ADC analog input volt age settings. 

J3 — Set for differential (SDM8X3) or single ended 
(SMD8X2) operation. 

J4 — Instrumentation amplifier gain settings. 

(a) 16 input channels, single ended: 

—Use SDM8X2 

— Consider single-ended filtering 
— Connect J3 (pin 66) to common 


(b) Differential inputs 
—Use SDM8X3 

— Consider differential filtering 
— Connect J3 (pin 66) to pin 67 

(c) Analog input 

±10V Connect Jl to pin 21 

Connect J2 to pot P2 (1000) 

±5V Connect Jl to pin 22 

Connect J2 to pot P2 (100Q) 

0 to +10V: Connect Jl to pin 22 

Connect J2 to junction of Rj/R 2 

(d) Gain of instrumentation amplifier 

G = 1 Jumper J4 open 

G = 10 Jumper J4 to pin 63 

G = 100 Jumper J4 to pin 64 

Other gains: use additional resistor between pin 62 and pin 
63 (see section on Instrumentation Amplifier) as low tempco 
resistor is recommended in order to minimize gain drift. 
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CIRCUIT DIAGRAM— SDM PC BOARD 



Teflon™ E.l. du Pont de Nemours & Co. 
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3 Digital-to-Analog Converters 


Burr-Brown offers a wide range of Digital-to- 
Analog (D/A) converters designed to meet critical 
requirements for industrial, audio and waveform- 
generation applications. 

Industrial instrumentation D/As with 12-, 16-, and 
18-bit resolutions are available in industry stan- 
dard pinouts. There are also new smaller size, 
lower-power D/As specified over the extended 
industrial temperature range, -40°C to +85 °C 
which are introduced in this data book. Dual and 
Quad D/As are also available in the product line. 

Audio D/A Converters 

Burr-Brown continues to be the industry perfor- 
mance leader in audio DACs, with new entries 
such as dual 18-bit PCM67/69A and 20-bit 


PCM 1702. These DACs take advantage of Burr- 
Brown’s laser- trimming abilities to make the 
industry’s leading audio converters in terms of 
THD, Noise, and Sound Quality. 


High Speed D/A Converters 

Burr-Brown’s DAC600, DAC650 and the newj 
DAC601 and DAC602 offer excellent price-to- 
performance ratios for applications such as Direct 
Digital Synthesis (DDS) and Arbitrary Waveform 
Generation (ARB). Both parts have guaranteed 
dynamic specifications, as well as extensive char- 
acterization plots for many different combinations 
of update rates and output frequencies. DAC600 
and DAC650 are the best choice for high-speed 
12-bit applications. 


DIGITAL SIGNAL PROCESSING DIGiTAL-TO-ANALOG CONVERTERS Boldface = NEW 

Signal- Total 

Reso- Linearity to-Noise Harmonic 

lution Error Settling Output + Distortion Distortion Temp Page 

Model (Bits) (%FSR) Time (fas) Range Ratio (dB) (dB) Ranged Pkg< 2 > No. 

DSP-Compatible Digital Interface (Single — DSP201, Dual — DSP202): 

DSP201 18 ±0.006 — ±3V 86,f OUT = 2kHz -90 Ind DDIP 3.245 

DSP202 18 ±0.006 — ±3V 86,f OUT = 2kHz -90 Ind DDIP 3.245 

NOTES: (1 ) Com = 0°C to +70°C, Ind = (-25°C to +85°C). (2) DDIP = 0.6" wide DIP. 


VERY HIGH SPEED DIGITAL-TO-ANALOG CONVERTERS Boldface = NEW 


Model 

Resolution 

(Bits) 

Max 

Update 

Rate 

SFDR 

(V OUT = FS) 

Output 

Range 

Input 

Format 

Power 

Supply 

(V) 

Package 

Max Power 
Dissipation 
(mW) 

Page 

No. 

DAC600 

12 

256MHz 

74dB SFDR 

-IV, -20mA 

Parallel 

-5.2 

68 PLCC 

1.3W 

3.17 

DAC601 

12 

256MHz 

76dB SFDR 

Oto -IV, -20mA 

Parallel 

-5.46 

DIP, SOIC 

480W 

3.29 

DAC602 

12 

100MHz 

78dB SFDR 

Oto -IV, -20mA 

Parallel 

±5.0 

DIP, SOIC 

490W 

3.32 

DAC650 

12 

500MHz 

-70dB SFDR 

±1V,±20mA 

Parallel 

±15, ±5 

68 LEAD 

2.0W 

3.35 


mm 
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INSTRUMENTATION PIGITAL-TO-ANALOG CONVERTERS Boldface = NEW 

Settling 


Description 

Model 

Resolution 

(Bits) 

Linearity 
Error (%FSR) 

Time 

(Ms) 

Output 

Range 

Temp 
Range* 1 > 

Pkg* 2) 

Page 

No. 

Very High 

Resolution 

DAC729 

18 

±0.00075 

5 ±1 mA, -2mA; 

+5V, +10V, ±5V, ±10V 

Com 

DDIP 

3.103 

General 

DAC700 

16 

±0.0015 

1 

-2mA 

Com, Ind, Mil 

DDIP 

3.55 

Purpose 

DAC701 

16 

±0.0015 

8 

+10V 

Com, Ind, Mil 

DDIP 

3.55 

DAC702 

16 

±0.0015 

1 

±1mA 

Com, Ind, Mil 

DDIP 

3.55 


DAC703 

16 

±0.0015 

8 

±10V 

Com, Ind, Mil 

DDIP, SO 

3.55 

Lowest Cost 

DAC 1600 

16 

±0.003 

8 typ 

±10V 

Com 

DDIP 

A 

Bus Interface: 

16-Bit Parallel 

DAC712 

16 

±0.003 

12 

±10V 

Ext 

DIP, SO 

3.77 

8-Bit Port Interface 

DAC713 

16 

±0.003 

10 

±10V 

Ext 

DIP 

3.88 

Serial Interface 

DAC714 

16 

±0.003 

10 

±10V 

Ext 

DIP 

3.92 

16-Bit Parallel 

DAC707 

16 

±0.003 

8 

±10V 

Com, Ind, Mil 

DDIP 

3.65 

Serial/8-bit Parallel 

DAC708 

16 

±0.003 

1 

±1 mA, -2mA 

Com, Ind, Mil 

DDIP 

3.65 

Serial/8-bit Parallel 

DAC709 

16 

±0.003 

8 

±5V, ±10V, +10V 

Com, Ind, Mil 

DDIP 

3.65 

Dual, Ser ./8-bit Par. 

DAC725 

16 

±0.003 

8 

±10V 

Com, Ind 

DDIP 

3.96 

Industry Standard 

DAC7541 A 

12 

±0.012 

1 

0 to 1 mA 

Com, Ind, Mil 

DIP, SO 

3.210 

Ind. Std. w/Latch 

DAC7545 

12 

±0.012 

2 

0 to 1 mA 

Com, Ind, Mil 

DIP, SO 

3.218 

Dual w/Bus Interface: 

Octal, Serial Interface 

DAC7800 

12 

±0.012 

0.8 

0 to 1 mA 

Ext 

DIP, SO 

3.225 

8-bit Port Interface 

DAC7801 

12 

±0.012 

0.8 

0 to 1 mA 

Ext 

DIP, SO 

3.225 

12-bit Port Interface 

DAC7802 

12 

±0.012 

0.8 

0 to 1 mA 

Ext 

DIP, SO 

3.225 

Single w/Bus 

DAC8043 

12 

±0.012 

0.25 typ 

0 to 1 mA 

Ind, Com 

DIP, SO, Die 

3.238 

Flexible Bus Interface: 

Industry Standard 
Pinout 

DAC667 

12 

±0.006 

4 

±2.5V, ±5V,±10V 
+5V, +10V 

Com, Ind, Mil 

DIP 

3.46 


DAC81 1 

12 

±0.006 

4 

±5V, ±10V, +10V 

Com, Ind, Mil 

DDIP, SO 

3.114 

Small, Low Cost 

DAC813 

12 

±0.006 

4 

±5V, ±10V,+10V 

Com, Ext, Mil 

DIP, SO 

3.123 

Lowest Cost 

DAC 1201 

12 

±0.018 

4 typ 

±5V, ±10V,+10V 

Com 

DDIP 

A 

Serial Input 

DAC56 

16 

±0.012 

1 .5 typ 

±3V 

Com 

DIP, SO 

3.3 

Quad, Serial 

DAC1204 

12 

±0.012 

0.5 

±1mA 

Com 

SO 

3.134 

Quad, Serial 

DAC1214 

12 

±0.012 

0.5 

±1mA 

Com 

so 

3.134 

Industry Standard, 
General Purpose 

DAC80 

12 

±0.012 

0.3, 

3 typ 

±1mA, -2mA; +5V, 
+10V, ±5V, ±10V 

Com 

DDIP 

3.8 

Dual, 12-bit Port 

DAC2813 

12 

±0.006 

6 

±10,0 to 10 

Ext 

DDIP 

3.141 

Dual, Multiplying 

Serial Port 

DAC2814 

12 

±0.012 

10 

+ 

4^ 4* 
< < 

Ext 

DDIP 

3.150 

Dual Multiplying 

8-bit Port 

DAC2815 

12 

±0.012 

10 

+ \ 
4*> -P* 
< < 

Ext 

DDIP 

3.161 

QUAD, 12-bit Port 

DAC4813 

12 

±0.012 

6 

±10 

Ext 

DDIP 

3.172 

QUAD, Multiplying 
Serial Port 

DAC4814 

12 

±0.012 

10 

> > 
"T "T 

T + 
>:>: 

Ext 

DDIP 

3.180 

Dual Multiplying 

8-bit Port 

DAC4815 

12 

±0.012 

10 

+V S , -1.4V 
-V 8 . +1-4V 

Ext 

DDIP 

3.192 

Dual Multiplying DAC 

DAC7528 

8 

±0.012 

0.18 

0 to 1 mA 

Ind, Com 

DIP, SO, Die 

3.202 


NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Ext = -40°C to +85°C, Mil = -55°C to +1 25°C. (2) DIP = 0.3" wide 
DIP, DDIP = 0.6" wide DIP, SO = small outline surface mount. 

“A” indicates a product that is not included in the 1995 Data Books — contact factory for data sheet. 


STILL AVAILABLE BUT NOT IN DATA BOOK 


Settling 


Description 

Model 

Resolution 

(Bits) 

Linearity 
Error (%FSR) 

Time 

(Ms) 

Output 

Range 

Temp 

Range 

Pkg 

Page 

No. 

Industry Standard, 

DAC85H 

12 

±0.012 

3 typ 

+10V, ±5V, ±10V 

Ind 

DDIP 

A 

General Purpose 

DAC87H 

12 

±0.012 

3 typ 

+10V, ±5V, ±10V 

Mil 

DDIP 

A 


NOTES: “A” indicates a product that is not included in the 1 995 Data Books — contact factory for data sheet. 
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Monolithic 1 6-Bit Resolution 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• COMPLETE D/A CONVERTER: 

Internal Voltage Reference 

±3V Output Operational Amplifier 
Pinout Allows l 0UT (±1.0mA) Option 
No external components required 

• 0.012% LINEARITY ERROR MAX 

• 12-BIT MONOTONICITY GUARANTEED 
OVER 0°C TO +70°C 

• ±5V TO ±1 2V POWER SUPPLY 

• SETTLING TIME: V 0UT = 1.5jns; 


APPLICATIONS 

• PROCESS CONTROL 

• ATE PIN ELECTRONICS LEVEL SETTING 

• CLOSED-LOOP SERVO-CONTROL 

• AUTO-CALIBRATION CIRCUIT FOR A/D 
BOARDS 

• UP-GRADE REPLACEMENT FOR 
MULTIPLYING D/A 

• X-Y PLOTTER 

• DSP PROCESSOR BOARDS 


• SERIAL DATA INPUT: Binary Two s 
Complement 

• 16-PIN PLASTIC DIP AND SOIC 


DESCRIPTION 

The DAC56 is a complete 16-bit monolithic D/A 
converter. Completely self-contained with a stable, 
low noise, internal zener voltage reference; high-speed 
current switches; a resistor ladder network; and a low 
noise output operational amplifier all on a single 
monolithic chip. The DAC56 operates over a wide 
power supply range from ±5V to ±12V. 

Differential linearity error (DLE) is guaranteed to 
meet specifications without external adjustment. How- 
ever, provisions for an externally adjustable circuit 
controlling the MSB error, the differential linearity 
error at bipolar zero, makes the DLE at BPZ essen- 
tially zero and provides for high system performance. 
The I/V amplifier stage includes an output current 
limiting circuit to protect both amplifier and load from 
excessive current. This assures the user of high system 
reliability. 


A high-speed interface is capable of clocking in data 
at a rate of 10MHz max, and its interface logic con- 
tains a serial data clock (input), serial data (input) and 
latch-enable (input). Serial data is clocked MSB first 
into a 16-bit register and then latched into a 16-bit 
parallel register. 

The DAC56 is packaged in a 16-pin plastic DIP and 
16-pin SOIC. 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at +25°C, and power supply voltage of ±5V unless otherwise noted. 




DAC56 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 

Resolution 



16 


Bits 

Digital Input Level: (1) V IH 


+2.4 


+ V L 

V 

v 1L 


0 


+0.8 

V 

l IH • V, = +2.7V 




+1 

pA 

l |L • V, = +0.4V 




-50 

pA 

Input Clock Frequency 


10 



MHz 

ACCURACY 






Integral Linearity Error 




±0.012 

% of FSR (3) 

Differential Linearity Error 




±0.024 

% of FSR 

Gain Error 




±1.5 

% of FSR 

Bipolar Zero Error 




±0.5 

% of FSR 

Monotonicity 

0°C to +70°C 



12 

Bits 

TEMPERATURE DRIFT 

0°C to +70°C 





Gain Drift 



±60 


ppm of FSR/°C 

Bipolar Zero Drift 



±20 


ppm of FSR/°C 

Linearity Drift 




±0.012 

% of FSR 

Differential Linearity Drift 




±0.024 

% of FSR 

POWER SUPPLY SENSITIVITY 

±V g = ±V L = +5VDC 





Gain 



±0.0045 


% of FSR/%V 

Bipolar Zero 



±0.0015 


% of FSR/%V 

SETTLING TIME 

Voltage Output 

to ±0.006% of FSR 





6V Step 



1.5 


ps 

1LSB 

Current Output 



1 


ps 

1 mA Step 

1 0 to 1 00ft Load 


350 


ns 


1 kft Load (3) 


350 


ns 

Slew Rate 



12 


V/ps 

ANALOG OUTPUT 

Voltage Output Configuration 






Bipolar Range 


±2.66 

±3.0 

±3.34 

V 

Output Current 


±8 



mA 

Output Impedance 



0.1 


ft 

Short Circuit Duration 


Indefinite to Common 


Current Output Configuration 






Bipolar Range 



±1 


mA 

Output Impedance 



1.2 


kft 

WARMUP TIME 


1 



min 

POWER SUPPLY REQUIREMENTS™ 

Supply Voltage 






+V S and +V L 


+4.75 

+5.00 

+13.2 

V 

-V s and -V L 

Supply Drain (No Load) 


-4.75 

-5.00 

-13.2 

V 

+V (+V S and +V L = +5V) 



+10 

+17 

mA 

-V (-V s and -V L = -5V) 



-25 

-35 

mA 

+V (+V S and +V L = +12V) 



+12 


mA 

-V (-V s and -V L = -1 2V) 

Power Dissipation 



-27 


mA 

V s and V L = ±5V 



175 

260 

mW 

V s and V L = ±12V 



468 


mW 

TEMPERATURE RANGE 

Specification 


0 


70 

°C 

Storage 


-60 


100 

°C 


NOTES: (1 ) Logic input levels are TTL-/CMOS-compatible. (2) FSR means full-scale range and is equivalent to 6V (±3V) for DAC56 in the V 0UT mode. (3) Measured 
with an active clamp to provide a low impedance for approximately 200ns. (4) All specifications assume +V S connected to +V L and -V s connected to -V L . If supplies 
are connected separately, -V L must not be more negative than -V s to assure proper operation. No similar restriction applies to the value of +V L with respect to +V S . 
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PIN ASSIGNMENTS 


PIN 

NAME 

FUNCTION 

1 

_V s 

Analog Negative Supply 

2 

LCOM 

Logic Common 

3 

+V L 

Logic Positive Supply 

4 

NC 

No Connection 

5 

CLK 

Clock Input 

6 

LE 

Latch Enable Input 

7 

DATA 

Serial Data Input 

8 

-v L 

Logic Negative Supply 

9 

VoUT 

Voltage Output 

10 

R f 

Feedback Resistor 

11 

SJ 

Summing Junction 

12 

ACOM 

Analog Common 

13 

*OUT 

Current Output 

14 

MSB ADJ 

MSB Adjustment Terminal 

15 

TRIM 

MSB Trim-pot Terminal 

16 

+V s 

Analog Positive Supply 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage ±15VDC 

Input Logic Voltage -IV to +Vg/+V L 

Power Dissipation 850mW 

Operating Temperature -25°C to +70°C 

Storage Temperature -80°C to +100°C 

Lead Temperature (soldering, 10s) +300°C 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 


PACKAGE AND ORDERING INFORMATION^ 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC56P 

16-Pin Plastic DIP 

802 

DAC56U 

16-Pin SOIC 

803 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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OPERATING INSTRUCTIONS 

The accuracy of a D/A converter is described by the transfer 
function as shown in Figure 1 . Digital input to analog output 
converter relationships are shown in Table I. The errors in 
the D/A converter are combinations of analog errors due to 
the linear circuitry, matching and tracking properties of the 
ladder and scaling networks, power supply rejection, and 
reference errors. In summary, these errors consist of initial 
errors including gain, offset, linearity, differential linearity, 
and power supply sensitivity. Gain drift over temperature 
rotates the line (Figure 1) about the bipolar zero point and 
offset drift shifts the line left or right over the operating 
temperature range. Most of the offset and gain drift is due to 
the drift of the internal reference zener diode with tempera- 
ture or time. 

The converter is designed so that these drifts are in opposite 
directions. This way the bipolar zero voltage is virtually 
unaffected by variations in the reference voltage. 



FIGURE 1. Input vs Output for an Ideal Bipolar D/A 
Converter. 


DIGITAL INPUT 

ANALOG OUTPUT 

Binary Two’s 


Voltage (V), 

Current (mA), 

Complement (BTC) 

DAC Output 

V 0UT Mode 

l OUT Mode 

7FFF h 

+ Full Scale 

+2.999908 

-0.999970 

8000 h 

- Full Scale 

-3.000000 

+1.000000 

0000 h 

Bipolar Zero 

0.000000 

0.000000 

FFFF h 

Zero -1 LSB 

-0.000092 

+0.030500pA 


TABLE I. Digital Input to Analog Output Relationship. 


DIGITAL INPUT CODES 

The DAC56 accepts serial input data (MSB first) in Binary 
Two’s Complement form — Refer to Table I for input/output 
relationships. 


POWER SUPPLY CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in the Connection Diagram (Figure 2), for optimum 
performance and noise rejection. 

These capacitors (lpF tantalum recommended) should be 
connected as close as possible to the converter. 



FIGURE 2. Connection Diagram. 


MSB ERROR ADJUSTMENT (OPTIONAL) 

Differential linearity error at all codes of the DAC56 is 
guaranteed to meet specifications without an external adjust- 
ment. However, if adjustment of the differential linearity 
error at bipolar zero is desired, it can be trimmed essentially 
to zero using the circuit as shown in Figure 3. 


470kQ lOOkQO) 200kCl 
Trim 15 O ^ VyV O 1 -V s 

MSB Adjust 1 4 O NOTE: (1)10-15 turns. 


FIGURE 3. MSB Adjustment Circuit. 

After allowing ample warm-up time (5 to 10 minutes) to 
assure stable operation, select the input code FFFF H . Mea- 
sure the output voltage using a 6-1/2 digit voltmeter and 
record the measurement. Change the digital input code to 
0000 H . Adjust the lOOkQ potentiometer (TCR of lOOppm 
per °C or less is recommended) to make the output voltage 
read 1LSB more than the voltage reading of the previous 
code (ex. 1LSB = 92jiV at FSR = 6V). 

If the MSB adjustment circuit is not used, pins 14 and 15 
should be left open. 
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MSB LSB 



NOTES: (1 ) If clock is stopped between input of 1 6-bit data words, latch enable (LE) must remain low until after the first clock of the next 1 6-bit data 
word stream. (2) Data format is binary two’s complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch 
enable (LE) must remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going 
negative. 


FIGURE 4. Input Timing Diagram. 



FIGURE 5. Input Timing Relationships. 


INPUT TIMING CONSIDERATIONS 

Figures 4 and 5 refer to the input timing required to interface 
the inputs of DAC56 to a serial input data stream. Serial data 
is accepted in Binary Two’s Complement with the MSB being 
loaded first. Data is clocked in on positive going clock (CLK, 
pin 5) edges and is latched into the DAC input register on 
negative going latch enable (LE, pin 6) edges. 

The latch enable input must be high for at least one clock cycle 
before going low, and then must be held low for at least one 
clock cycle. The last 16 data bits clocked into the serial input 
register are those that are transferred to the DAC input register 
when latch enable goes low. In other words, when more than 
16 clock cycles occur between a latch enable, only the data 
present during the last 16 clocks will be transferred to the 
DAC input register. 

Figure 4 gives the general input format required for the 
DAC56. Figure 5 shows the specific relationships between the 
various signals and their timing constraints. 
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BURR - BROWN 4 



DAC80 

DAC80P 


Monolithic 12-Bit 

DIGITAL-TO-ANALOG CONVERTERS 


FEATURES 


• INDUSTRY STANDARD PINOUT 

• FULL ±10V SWING WITH V cc = ±12VDC 

• DIGITAL INPUTS ARE TTL- AND 
CMOS-COMPATIBLE 

• GUARANTEED SPECIFICATIONS WITH 
±12V AND +15V SUPPLIES 

• ±1 2LSB MAXIMUM NONLINEARITY: 

0°C to +70°C 

• SETTLING TIME: 4jus max to ±0.01% of 
Full Scale 

• GUARANTEED MONOTONICITY: 

0°C to +70°C 

• TWO PACKAGE OPTIONS: Hermetic side- 
brazed ceramic and low-cost molded 
plastic 


resistors, as well as low integral and differential lin- 
earity errors. Innovative circuit design enables the 
DAC80 to operate at supply voltages as low as ±1 1 .4V 
with no loss in performance or accuracy over any 
range of output voltage. The lower power dissipation 
of this 118-mil by 121 -mil chip results in higher 
reliability and greater long term stability. 

Burr-Brown has further enhanced the reliability of the 
monolithic DAC80 by offering a hermetic, side-brazed, 
ceramic package. In addition, ease of use has been 
enhanced by eliminating the need for a +5V logic 
power supply. 

For applications requiring both reliability and low 
cost, the DAC80P in a molded plastic package offers 
the same electrical performance over temperature as 
the ceramic model. The DAC80P is available with 
voltage output only. 

For designs that require a wider temperature range, see 
Burr-Brown models DAC85H and DAC87H. 


DESCRIPTION 

This monolithic digital-to-analog converter is pin-for- 
pin equivalent to the industry standard DAC80 first 
introduced by Burr-Brown. Its single-chip design in- 
cludes the output amplifier and provides a highly 
stable reference capable of supplying up to 2.5mA to 
an external load without degradation of D/A perfor- 
mance. 

This converter uses proven circuit techniques to pro- 
vide accurate and reliable performance over tempera- 
ture and power supply variations. The use of a buried 
zener diode as the basis for the internal reference 
contributes to the high stability and low noise of the 
device. Advanced methods of laser trimming result in 
precision output current and output amplifier feedback 
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SPECIFICATIONS 


ELECTRICAL 

Typical at +25°C and ±V CC = 12V or 15V unless otherwise noted. 



DAC80 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 

Resolution 

Logic Levels (0°C to +70°C)< 1 >: 



12 

Bits 

V IH (Logic “1”) 

+2 


+16.5 

VDC 

V, L (Logic “0”) 

0 


+0.8 

VDC 

I,h (V, n = +2.4V) 



+20 

pA 

l (L (V )N = +0.4V) 



-180 

pA 

ACCURACY (at +25°C) 

Linearity Error 


±1/4 

±1/2 

LSB 

Differential Linearity Error 


±1/2 

±3/4 

LSB 

Gain Error® 


±0.1 

±0.3 

% 

Offset Error® 


±0.05 

±0.15 

% of FSR® 

DRIFT (0°C to +70°C) (4) 

Total Bipolar Drift (includes gain, offset, and linearity drifts) 

Total Error Over 0°C to +70°C< 5) 


±10 

±25 

ppm of FSR/°C 

Unipolar 


±0.06 

±0.15 

% of FSR 

Bipolar 


±0.06 

±0.12 

% of FSR 

Gain: Including Internal Reference 


±10 

±30 

ppm/°C 

Excluding Internal Reference 


±5 

±10 

ppm/°C 

Unipolar Offset 


±1 

±3 

ppm of FSR/°C 

Bipolar Offset 


±7 

±15 

ppm of FSR/°C 

Differential Linearity 0°C to +70°C 


±1/2 

±3/4 

LSB 

Linearity Error 0°C to +70°C 


±1/4 

±1/2 

LSB 

Monotonicity Guaranteed 

0 


+70 

°C 

CONVERSION SPEED, V OUT Models 

Settling Time to ±0.01% of FSR 





For FSR Change (2kQ || 500pF Load) 





with 1 0kQ Feedback 


3 

4 

ps 

with 5ki2 Feedback 


2 

3 

ps 

For 1 LSB Change 


1 


ps 

Slew Rate 

10 



V/ps 

CONVERSION SPEED, l OUT Models 

Settling Time to ±0.01 % of FSR 





For FSR change: lOQto 100Q Load 


300 


ns 

1 k£2 Load 


1 


ps 

ANALOG OUTPUT, V 0UT Models 

Ranges 




V 

Output Current® 

±5 



mA 

Output Impedance (DC) 

±2.5, ±5, ±10, +5, +10 

n 

Short Circuit to Common, Duration® 


Indefinite 



ANALOG OUTPUT, l 0UT Models 

Ranges: Bipolar 

±0.96 

±1.0 

±1.04 

mA 

Unipolar 

-1.96 

-2.0 

-2.04 

mA 

Output Impendance: Bipolar 

2.6 

3.2 

3.7 

kO 

Unipolar 

4.6 

6.6 

8.6 

k a 

Compliance 

-2.5 


+2.5 

V 

REFERENCE VOLTAGE OUTPUT 

+6.23 

+6.30 

+6.37 

V 

External Current (constant load) 



2.5 

mA 

Drift vs Temperature 


±10 

±20 

ppm/°C 

Output Impedance 


1 


a 

POWER SUPPLY SENSITIVITY 

V cc = ±12VDC or±15VDC 


±0.002 

±0.006 

% FSR/ % V cc 

POWER SUPPLY REQUIREMENTS 

±V CC 

±11.4 


±16.5 

VDC 

Supply Drain (no load): +V CC 


8 

12 

mA 

-V CC 


15 

20 

mA 

Power Dissipation (V cc = ±1 5VDC) 


345 

480 

mW 

TEMPERATURE RANGE 

Specification 

0 


+70 

°C 

Operating 

-25 


+85 

°C 

Storage: Plastic DIP 

-60 


+100 

°C 

Ceramic DIP 

-65 


+150 

°C 


NOTES: (1 ) Refer to “Logic Input Compatibility” section. (2) Adjustable to zero with external trim potentiometer. (3) FSR means full scale range and is 20 V for±1 0V range, 
1 0V for ±5V range for V OUT models; 2mA for l 0UT models. (4) To maintain drift spec, internal feedback resistors must be used. (5) Includes the effects of gain, offset and 
linearity drift. Gain and offset errors externally adjusted to zero at +25°C. (6) For±V cc less than ±1 2VDC, limit output current load to ±2.5mA to maintain ±1 0V full scale 
output voltage swing. For output range of ±5V or less, the output current is ±5mA over entire ±V CC range. (7) Short circuit current is 40mA, max. 
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FUNCTIONAL DIAGRAM AND PIN ASSIGNMENTS 



ABSOLUTE MAXIMUM RATINGS 


+V CC to Common 

— V cc to Common 

Digital Data Inputs to Common 

Reference Output to Common 

0V to +18V 

0V to -18 

-IV to +18V 

+V CC 

Reference Input to Common 

+Vcc 


+Vcc 

10V Range R to Common 

20 V Range R to Common 

±Vcc 

+v cc 

External Voltage to DAC Output 

-5V to +5V 

Lead Temperature (soldering, 10s) 

+300°C 

Max Junction Temperature 

Thermal Resistance, 0 JA : Plastic DIP 

Ceramic DIP 

165°C 

100°C/W 

65°C/W 

Stresses above those listed under “Absolute Maximum Ratings” may 

cause permanent damage to the device. Exposure to absolute maxi- 

mum conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

OUTPUT 

DAC80-CBI-I 

Ceramic DIP 

Current 

DAC80Z-CBI-I 

Ceramic DIP 

Current 

DAC80-CBI-V 

Ceramic DIP 

Voltage 

DAC80Z-CBI-V 

Ceramic DIP 

Voltage 

DAC80P-CBI-V 

Plastic DIP 

Voltage 

BURN-IN SCREENING OPTION | 



BURN-IN TEMP. 

MODEL 

PACKAGE 

( 160 hp 

DAC80-CBI-V-BI 

Ceramic DIP 

+125°C 

DAC80P-CBI-V-BI 

Plastic DIP 

+1 25°C 


NOTE: (1) Or equivalent combination. See text. 


PACKAGE INFORMATION* 1 ) 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DAC80P 

24-Pin Plastic DIP 

167 

DAC80 

24-Pin Ceramic DIP 

125 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


BURN-IN SCREENING 

Bum-in screening is an option available for the models 
indicated in the Ordering Information table. Bum-in dura- 
tion is 160 hours at the maximum specified grade operating 
temperature (or equivalent combination of time and tem- 
perature). 

All units are tested after burn-in to ensure that grade speci- 
fications are met. To order bum-in, add BI” to the base 
model number. 


3.10 


Burr-Brown 1C Data Book — Data Conversion Products 













Or, Call Customer Service at 1-800-548-6132 (USA Only) 


DICE INFORMATION 


PAD 

FUNCTION 

PAD 


1 

Bit 1 (MSB) 

15 

-V CC 

2 

Bit 2 

16 

V 0U T 

3 

Bit 3 

17 

Refln 

4 

Bit 4 

18 

Bipolar Offset 

5 

Bit 5 

19 

Scale 10V FSR 

6 

Bit 6 

20 

Scale 20V FSR 

7 

Bit 7 

21 

NC 

8 

Bit 8 

22 

Sum Junct 

9 

Bit 9 

23 

COM 

10 

Bit 10 

24 

COM 

11 

Bit 11 

25 

+v cc 

12 

Bit 12 (LSB) 

26 

Gain Adjust 

13 

NC 

27 

6.3V Ref Out 

14 

NC 




Substrate Bias: Isolated. NC: No Connection 

MECHANICAL INFORMATION 




MILS (0.001") 

MILLIMETERS 

Die Size 

118x121 ±5 

3.0x3.0710.13 

Die Thickness 

20 ±3 

0.51 1 0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Metalization 


Aluminum 



PAD FUNCTION PAD FUNCTION 

1 Bit 1 (MSB) 15 -V cc 

2 Bit 2 16 l 0UT 

3 Bit 3 17 Refln 

4 Bit 4 18 Bipolar Offset 

5 Bit 5 19 Scale 10V FSR 

6 Bit 6 20 Scale 20V FSR 

7 Bit 7 21 Scale 

8 Bit 8 22 NC 

9 Bit 9 23 COM 

10 Bit 10 24 COM 

11 Bit 11 25 +V CC 

12 Bit 12 (LSB) 26 Gain Adjust 

13 NC 27 6.3V Ref Out 

14 NC 


Substrate Bias: Isolated. NC: No Connection 

MECHANICAL INFORMATION 


DAC80KD-I DIE TOPOGRAPHY 



MILS (0.001") 

MILLIMETERS 

Die Size 

118x 121 ±5 

3.0x3.0710.13 

Die Thickness 

2013 

0.51 1 0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Metalization 


Aluminum 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC80 accepts complementary binary digital input 
codes. The CBI model may be connected by the user for any 
one of three complementary codes: CSB, COB, or CTC (see 
Table I). 


DIGITAL INPUT 

ANALOG OUTPUT 

MSB LSB 

i i 

000000000000 

011111111111 

100000000000 

111111111111 

CSB 

Complementary 

Straight 

Binary 

COB 

Complementary 

Offset 

Binary 

CTC* 1 * 

Complementary 

Two’s 

Complement 

+Full Scale 
+1/2 Full Scale 

1/2 Full Scale -1 LSB 
Zero 

+Full Scale 
Zero 
-1 LSB 
-Full Scale 

-1 LSB 
-Full Scale 
-Full Scale 
Zero 


NOTE: (1 ) Invert the MSB of the COB code with an external inverter to obtain 
CTC code. 


TABLE I. Digital Input Codes. 


SETTLING TIME 

Settling time for each DAC80 model is the total time 
(including slew time) required for the output to settle within 
an error band around its final value after a change in input 
(see Figure 1). 



0.1 1 10 100 
Settlina Time (us) 


FIGURE 1. Full Scale Range Settling Time vs Accuracy. 


ACCURACY 

Linearity of a D/A converter is the true measure of its 
performance. The linearity error of the DAC80 is specified 
over its entire temperature range. This means that the analog 
output will not vary by more than ±1/2LSB, maximum, from 
an ideal straight line drawn between the end points (inputs 
all “l”s and all “0”s) over the specified temperature range of 
0°C to +70°C. 

Differential linearity error of a D/A converter is the devia- 
tion from an ideal 1LSB voltage change from one adjacent 
output state to the next. A differential linearity error speci- 
fication of ±1/2LSB means that the output voltage step sizes 
can range from 1/2LSB to 3/2LSB when the input changes 
from one adjacent input state to the next. 

Monotonicity over a 0°C to +70°C range is guaranteed in the 
DAC80 to insure that the analog output will increase or 
remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million per 
°C (ppm/°C). Gain drift is established by: 1) testing the end 
point differences for each DAC80 model at 0°C, +25°C, and 
+70°C; 2) calculating the gain error with respect to the 25°C 
value, and; 3) dividing by the temperature change. This 
figure is expressed in ppm/°C and is given in the electrical 
specifications both with and without internal reference. 

Offset Drift is a measure of the actual change in output with 
all “l”s on the input over the specified temperature range. 
The offset is measured at 0°C, +25°C, and 70°C. The 
maximum change in Offset is referenced to the Offset at 
25°C and is divided by the temperature range. This drift is 
expressed in parts per million of full scale range per °C (ppm 
of FSR/°C). 


Voltage Output Models 

Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes of 
20V, 10V and one for a 1LSB change. The 1LSB change is 
measured at the major carry (01 11 ... 11 to 1000.. .00), the 
point at which the worst case settling time occurs. 

Current Output Models 

Two settling times are specified to ±0.01% of FSR. Each is 
given for current models connected with two different resis- 
tive loads: 10£2 to 100£2 and 1000Q to 187512. Internal 
resistors are provided for connecting nominal load resis- 
tances of approximately 100012 to 180012 for output voltage 
range of ±1V and 0 to -2V (see Figures 11 and 12). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing allowed 
on the current output node in order to maintain specified 
accuracy. The maximum compliance voltage of all current 
output models is ±2.5 V. Maximum safe voltage range of 
±1V and 0 to -2V (see Figures 11 and 12). 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in either 
the positive or negative supplies about the nominal power 
supply voltages (see Figure 2). 

REFERENCE SUPPLY 

All DAC80 models are supplied with an internal 6.3V 
reference voltage supply. This voltage (pin 24) has a toler- 
ance of ±1% and must be connected to the Reference Input 
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FIGURE 2. Power Supply Rejection vs Power Supply Ripple. 


(pin 16) for specified operation. This reference may be used 
externally also, but external current drain is limited to 
2.5mA. 

If a varying load is to be driven, an external buffer amplifier 
is recommended to drive the load in order to isolate bipolar 
offset from load variations. Gain and bipolar offset adjust- 
ments should be made under constant load conditions. 

LOGIC INPUT COMPATIBILITY 

DAC80 digital inputs are TTL, LSTTL and 4000B, 
54/74HC CMOS compatible. The input switching threshold 
remains at the TTL threshold over the entire supply range. 

Logic “0” input current over temperature is low enough to 
permit driving DAC80 directly from outputs of 4000B and 
54/74C CMOS devices. 


OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Connect power supply voltages as shown in Figure 3. For 
optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown. These 
capacitors (lpF tantalum) should be located close to the 
DAC80. 

±1 2V OPERATION 

All DAC80 models can operate over the entire power supply 
range of ±11.4V to ± 16.5V. Even with supply levels drop- 
ping to ± 11.4V, the DAC80 can swing a full ±10V range, 
provided the load current is limited to ±2.5mA. With power 
supplies greater than ±12V, the DAC80 output can be loadedL 
up to ±5mA. For output swing of ±5V or less, the outputl 
current is ±5mA, minimum, over the entire V cc range. ( 

No bleed resistor is needed from +V CC to pin 24, as was 
needed with prior hybrid Z versions of DAC80. Existing 
+12V applications that are being converted to the monolithic 
DAC80 must omit the resistor to pin 24 to insure proper 
operation. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external Offset 
and Gain potentiometers. Connect these potentiometers as 
shown in Figure 3 and adjust as described below. TCR of the 
potentiometers should be 100ppm/°C or less. The 3.9MQ 
and 10MQ resistors (20% carbon or better) should be lo- 
cated close to the DAC80 to prevent noise pickup. If it is not 
convenient to use these high value resistors, an equivalent 
“T” network, as shown in Figure 4, may be substituted. 


Voltage Output Models 


Current Output Models 



FIGURE 3. Power Supply and External Adjustment Connection Diagrams. 


BURR^BROWN® 

B «=fc«=»l Burr-Brown IC Data Book — Data Conversion Products 


3.13 


DIGITAL-TO-ANALOG CONVERTERS Q DAC80/80P 










For Immediate Assistance, Contact Your Local Salesperson 


10MQ 

270kQ 270kQ 

O VW-O 

O-vW— +— l/W -0 

^ 7.8kQ to 10kQ 

3.9MC2 

180kQ 180kL> 

oVv\^ S* 5 

oy\A^-WW L ^ 

> 10kQ 


~ 


FIGURE 4. Equivalent Resistances. 

Existing applications that are converting to the monolithic 
DAC80 must change the gain trim resistor on pin 23 from 
33MQ to 10MQ to insure sufficient adjustment range. Pin 
23 is a high impedance point and a 0.001 pi F to 0.0 lpF 
ceramic capacitor should be connected from this pin to 
Common (pin 21) to prevent noise pickup. Refer to Figure 
5 for relationship of Offset and Gain adjustments to unipolar 
and bipolar D/A operation. 


Unipolar 

* 


✓ / Gain Adjust 

//' r 


/ / ✓ T 
/ / ✓ * 


’ Gain Adjust 
Rotates the Line 


All Bits 
Logic 


/ J 

'j !/ 


f f Digital Input 

Offset Adjust Translates the Line 


Bipolar 


h Full Scale _L 

/' Range of 
/ / ^3ain Adjust 

t 

/&' \ 

///' T 

/// Gain Adjust 

’// Rotates the Line 


Range of 
Offset Adjust 


t \ Digital Input 

Offset Adjust Translates the Line 

FIGURE 5. Relationship of Offset and Gain Adjustments for 
a Unipolar and Bipolar D/A Converter. 


Offset Adjustment 

For unipolar (CSB) configurations, apply the digital input 
code that should produce zero potential output and adjust the 
Offset potentiometer for zero output. 

For bipolar (COB, CTC) configurations, apply the digital 
input code that should produce the maximum negative 
output. Example: If the Full Scale Range is connected for 
20V, the maximum negative output voltage is -10V. See 
Table II for corresponding codes. 

Gain Adjustment 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive output. 
Adjust the Gain potentiometer for this positive full scale 
output. See Table II for positive full scale voltages and 
currents. 


ANALOG OUTPUT 


DIGITAL INPUT 

MSB - LSB 

i i . 

000000000000 
011111111111 
100000000000 
111111111111 
One LSB 


+9.9951 V 
0.0000V 
-0.0049V 
-10.0000V 
4.88mV 


-1 .9995mA -0.9995mA 

-1 .0000mA 0.0000mA 

-0.9995mA +0.0005mA 

0.0000mA +1 .000mA 


NOTE: (1) To obtain values for other binary ranges: 

0 to +5V range divide 0 to +10V range values by 2. 
±5V range: divide ±10V range values by 2. 

±2.5V range: divide ±10V range values by 4. 


TABLE II. Digital Input/Analog Output. 


VOLTAGE OUTPUT MODELS 
Output Range Connections 

Internal scaling resistors provided in the DAC80 may be 
connected to produce bipolar output voltage ranges of ±10V, 
±5V, or ±2.5 V; or unipolar output voltage ranges of 0 to 
+5V or 0 to +10V. See Figure 6. 



FIGURE 6. Output Amplifier Voltage Range Scaling Circuit. 

Gain and offset drift are minimized because of the thermal 
tracking of the scaling resistors with other internal device 
components. Connections for various output voltage ranges 
are shown in Table III. Settling time for a full-scale range 
change is specified as 4ps for the 20V range and 3ps for the 
10V range. 
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Output 

Range 

Digital 
Input Codes 

Connect 
Pin 15 to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 
Pin 16 to 

±10 

COB or CTC 

19 

20 

15 

24 

±5 

COB or CTC 

18 

20 

NC 

24 

±2.5V 

COB or CTC 

18 

20 

20 

24 

Oto+IOV 

CSB 

18 

21 

NC 

24 

0 to +5V 

CSB 

18 

21 

20 

24 


TABLE III. Output Voltage Range Connections for Voltage 
Models. 


CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output circuit 
of the current model differ from the voltage model and are 
shown in Figures 7 and 8. 



FIGURE 9. External Op-Amp — Using Internal Feedback 
Resistors. 


► To Reference Control Circuit 

Reference Input 6.3kQ0) 



NOTE: (1) Resistor Tolerances: ±2% max. 


FIGURE 7. Internal Scaling Resistors. 



FIGURE 8. Current Output Model Equivalent Output Circuit. 


Internal scaling resistors (Figure 7) are provided to scale an 
external op amp or to configure load resistors for a voltage 
output. These connections are described in the following 
sections. 

If the internal resistors are not used for voltage scaling, 
external R L (or R F ) resistors should have a TCR of 
±25ppm/°C or less to minimize drift. This will typically add 
±50ppm/°C plus the TCR of R L (or R F ) to the total drift. 

Driving An External Op Amp 

The current output model DAC80 will drive the summing 
junction of an op amp used as a current-to- voltage converter 
to produce an output voltage. See Figure 9. 

Vqut = ^OUT * R-F 

where I 0UT is the DAC80 output current and R F is the 
feedback resistor. Using the internal feedback resistors of 

BURR - BROWN® 


the current output model DAC80 provides output voltage 
ranges the same as the voltage model DAC80. To obtain the| 
desired output voltage range when connecting an external op 
amp, refer to Table IV. 


Output 

Range 

Digital 
Input Codes 

Connect 

®to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 
Pin 16 to 

±10V 

COB or CTC 

19 

15 

© 

24 

±5V 

COB or CTC 

18 

15 

NC 

24 

±2.5V 

COB or CTC 

18 

15 

15 

24 

Oto+IOV 

CSB 

18 

21 

NC 

24 

0 to +5V 

CSB 

18 

21 

15 

24 


TABLE IV. Voltage Range of Current Output. 


Output Larger Than 20V Range 

For output voltage ranges larger than ±10V, a high voltage 
op amp may be employed with an external feedback resistor. 
Use I OUT value of ±lmA for bipolar voltage ranges and 
-2mA for unipolar voltage ranges. See Figure 10. Use 
protection diodes when a high voltage op amp is used. 

The feedback resistor, R F , should have a temperature coef- 
ficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the lack 
of temperature tracking between R F and the internal scaling 
resistor network. This will typically add 50ppm/°C plus R F 
drift to total drift. 



NOTE: (1) For output voltage swings up to 290V p-p. 


FIGURE 10. External Op-Amp — Using External Feedback 
Resistors. 
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Driving a Resistive Load Unipolar 

A load resistance, R L = R LI + R LS , connected as shown in 
Figure 1 1 will generate a voltage range, V 0UT , determined 
by: 

Vqut = — 2mA [(R l x R 0 ) + (R l + R 0 )] 



FIGURE 1 1 . Current Output Model Equivalent Circuit Con- 
nected for Unipolar Voltage Output with Resis- 
tive Load. 

The unipolar output impedance R 0 equals 6.6kO (typ) and 
R L1 is the internal load resistance of 9680 (derived by 
connecting pin 15 to 20 and pin 18 to 19). By choosing R LS 
= 2100, R L = 1 1780. R l in parallel with R 0 yields IkO total 
load. This gives an output range of 0 to -2V. Since R 0 is not 
exact, initial trimming per Figure 3 may be necessary; also 
R ls may be trimmed. 


Driving a Resistive Load Bipolar 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12, R L = R LI + R LS . V OUT is 
determined by: 

V OUT = ±lmA [(R 0 x R l ) - (R 0 + R L )] 

By connecting pin 17 to 15, the output current becomes 
bipolar (±lmA) and the output impedance R 0 becomes 
3.2kO (6.6kO in parallel with 6.3kO). R LI is 12000 (derived 
by connecting pin 15 to 18 and pin 18 to 19). By choosing 
R ls = 2250, R l = 14550. R L in parallel with R 0 yields IkO 
total load. This gives an output range of ±1V. As indicated 
above, trimming may be necessary. 



FIGURE 12. Current Output Model Connected for Bipolar 
Output Voltage with Resistive Load. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DAC600 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information 


12-Bit 256MHz Monolithic 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 12-BIT RESOLUTION 

• 256MHz UPDATE RATE 

• -73d B HARMONIC DISTORTION AT 10MHz 

• LASER TRIMMED ACCURACY: 1/2LSB 

• -5.2V SINGLE POWER SUPPLY 

• EDGE-TRIGGERED LATCH 

• LOW GLITCH: 5.6pVs 

• WIDEBAND MULTIPLYING REFERENCE 
INPUT 

• 50<> OUTPUT IMPEDANCE 


APPLICATIONS 

• DIRECT DIGITAL SYNTHESIS 

• ARBITRARY WAVEFORM GENERATION 

• HIGH RESOLUTION GRAPHICS 

• COMMUNICATIONS LOCAL 
OSCILLATORS 

Spread Spectrum/Frequency Hopping 

Base Stations 

Digitally Tuned Receivers 


DESCRIPTION 

The DAC600 is a monolithic, high performance digi- 
tal-to-analog converter for high frequency waveform 
generation. The internal segmentation and latching 
minimize output glitch energy and maximizes AC 
performance. Resistor laser trimming provides for 
excellent DC linearity. 

The ECL compatibility provides for low digital noise 
at high update rates. The complementary 50Q outputs 
and low output capacitance simplifies transmission 
line design and filtering at the output. 

The DAC600 combines precision thin film and bipolar 
technology to create a high performance, cost effec- 
tive solution for modem waveform synthesis. 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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NOTES: (1) Linearity tests are measured into a virtual ground (op amp). (2) Gain error in % is calculated by: GE (%) = M — SUREP — ^ 

(3) Settling time is influenced by the load due to fast edge speeds. Use good transmission line techniques IDEAL ' ' 

for best results. (4) Spurious free dynamic range is measured from the fundamental frequency to any harmonic or non-harmonic spurs within the bandwidth f CLK /2 c , unless 

otherwise specified. 
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ORDERING INFORMATION 


MODEL 

DESCRIPTION 

TEMPERATURE 
RANGE (AMBIENT) 

DAC600AN, BN 

68-Pin Plastic QUAD 

-40°C to +85°C 


ABSOLUTE MAXIMUM RATINGS 

V EEA 0.3 to -7 

V EED 0.3 to -7 

Logic Inputs 0 to -5.5V 

Reference Input Voltage 0 to +1.25V 

Reference Input Current 0 to 1.56mA 

Case Temperature -40°C to +125°C 

Junction Temperature +150°C 

Storage Temperature -55°C to +125°C 

Lead Temperature (soldering, 10s) +300°C 

| Stresses above these ratings may permanently damage the device. 


PIN DEFINITIONS 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that this integrated circuit 
be handled and stored using appropriate ESD protection 
methods. 

PACKAGE INFORMATION* 1 ) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC600AN, BN 

68-Pin Plastic QUAD 

312-1 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. [ 



NC: no connect 

NOTE: (1) Pins 5 and 55 typically draw 150mA of current. Pins 33 and 34 combined typically draw 46mA. (2) Connect bypass capacitor to V EE . 


The information provided herein is believed to be reliable: however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DICE INFORMATION 




MILS (0.001") 

MILLIMETERS 

Die Size 

160 x 140 ±5 

4.06x3.56 ±0.13 

Die Thickness 

20 ±3 

0.51 ±0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Backing 

Gold 


Metallization 

Gold 



PAD 

FUNCTION 

PAD 

FUNCTION 

1 

Bypass 

36 

NC 

2 

CLK 

37 

Vref 

3 

CLKNOT 

38 

v ref 

4 

DGND 

39 

NC 

5 

DV ee 

40 

NC 

6 

Bit 9 

41 

^OFFSET 

7 

NC 

42 

NC 

8 

Bit 10 

43 

NC 

9 

Bit 11 

44 

NC 

10 

Bit 12 

45 

NC 

11 

VoUT 

46 

ALTCOMPC 

12 

VoUT 

47 

AGND 

13 

LGND 

48 

NC 

14 

LGND 

49 

LBIAS 

15 

^OUTNOT 

50 

NC 

16 

^OUTNOT 

51 

NC 

17 

NC 

52 

NC 

18 

AGND 

53 

Bit 1 (MSB) 

19 

NC 

54 

DV EE 

20 

NC 

55 

DGND 

21 

NC 

56 

DGND 

22 

NC 

57 

Bit 2 

23 

NC 

58 

Bit 3 

24 

NC 

59 

Bit 4 

25 

NC 

60 

NC 

26 

NC 

61 

NC 

27 

ALTCOMPIB 

62 

NC 

28 

AGND 

63 

Bit 5 

29 

AGND 

64 

DGND 

30 

NC 

65 

Bit 6 

31 

LOOPCRNT 

66 

Bit 7 

32 

av ee 

67 

DGND 

33 

AV ee 

68 

Bit 8 

34 

VrEF2 

69 

NC 

35 

NC 




Substrate Bias: Negative Supply -V 
NC = Do not connect. 
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TYPICAL PERFORMANCE CURVES 

T C ase = +25°C, V REF = +1 .OV, measured at V OUTNOT . Spurious free dynamic range includes all harmonic or non-harmonic spurs in the bandwidth f CLK /2, unless otherwise 
noted. 



0 1000 2000 3000 4000 

Code 



0 1000 2000 3000 4000 
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0 1000 2000 3000 4000 
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0 1000 2000 3000 4000 

Code 


INTEGRAL NON-LINEARITY (+25°C) 
















* 
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INTEGRAL NON-LINEARITY (~40°C) 


















0 1000 2000 3000 4000 
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TYPICAL PERFORMANCE CURVES (CONT) 

T C ase = +25°C, V REF = +1 .OV, measured at V OUTNOT . Spurious free dynamic range includes all harmonic or non-harmonic spurs in the bandwidth f CLK /2, unless otherwise 
noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 

T C ase = +25°C, V REF = +1 .OV, measured at V OUTNOT . Spurious free dynamic range includes all harmonic or non-harmonic spurs in the bandwidth f CLK /2, unless otherwise 
noted. 


SPURIOUS FREE DYNAMIC RANGE 
vs CLOCK FREQUENCY 



HARMONIC DISTORTION vs CLOCK FREQUENCY 


(foUT ~ 1/3 *CLOCk) 



0 50 100 150 200 250 300 350 

^CLOCK (MHz) 


SPURIOUS FREE DYNAMIC RANGE vs 



0 50 100 150 200 250 300 350 

^CLOCK (MHz) 


3RD HARMONIC vs CLOCK FREQUENCY 

(^OUT ~ 1 14 ^CLOCk) 



0 50 100 150 200 250 300 350 

^CLOCK (MHz) 


SPURIOUS FREE DYNAMIC RANGE 
vs OUTPUT FREQUENCY 
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TYPICAL PERFORMANCE CURVES (CONT) 

t case = +25°C, V REF = +1 .OV, measured at V OUTNOX . Spurious free dynamic range includes all harmonic or non-harmonic spurs in the bandwidth f CLK /2, unless otherwise 
noted. 


SPURIOUS FREE DYNAMIC RANGE 



-60 -40 -20 0 20 40 60 80 100 

Temperature (°C) 
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REFERENCE VOLTAGE vs DISTORTION 
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HARMONIC DISTORTION vs REFERENCE VOLTAGE 
(foUT ~ 1/4 f clock) 
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REFERENCE CONTROL AMPLIFIER 



0 5 10 15 20 25 30 35 

Vref (MHz) 

V REF Amplitude +0.75V DC lOOmVp-p AC 
(All Bits on, 47pF Pin 35) 


SPURIOUS FREE DYNAMIC RANGE 
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(All Bits on, 47pF Pin 35) 


3.24 


Burr-Brown IC Data Book — Data Conversion Products 


mi 










Or, Cdll Customer Service at 1-S00-548-6132 (USA Only) 


THEORY OF OPERATION 

The DAC600 employs a familiar architecture where input 
bits switch on the appropriate current sources (Figure 1.) 
Bits 1-4 are decoded into 15 segments after the first set of 
latches. The edge triggered master-slave latches are driven 
by an internal clock buffer. Current sources for bits 5 and 6 
are scaled down in binary fashion. These current sources are 
switched directly to the output of the R-2R ladder. Bits 7-12 
are properly scaled and fed to the laser trimmed R-2R 
ladder. 


Decoding of bits 1-4 into 15 segments and synchronizing the 
data with a master/slave register reduces glitching. If the 
BYPASS input is low, data is transferred to the output on the 
positive going edge of the clock. If BYPASS is high, data is 
transferred to the output regardless of clock state. All digital 
inputs are ECL compatible. 

The output current sees 50Q of output impedance from the 
equivalent resistance of a R-2R ladder. With all of the 
current sources off, the output voltage is at OV. With all 
current sources on (-20mA), the output voltage is at -IV. 
Transfer function information is given in Tables I and II. 


^OFFSET VrEF 



FIGURE 1 . Basic DAC600 Architecture. 


INPUT BITS 

OUTPUT VOLTAGES 

1 2 3 4 5 6 7 8 9 10 11 12 

V NV 

’out ’’’out 

000000000 0 0 0 

0V -0.999756V 

000000000 0 0 1 

-244|iV 0.999512V 

100000000 0 0 0 

-0.5 -0.499756 

111111111 1 1 1 

-0.999756V 0 


TABLE I. Input Code vs Output Voltage Relationships. 


BIT 

VOLTAGE (No External Load, V 0UT ) 

1 

-0.5 

2 

-0.25 

3 

-0.125 

4 

-62.5mV 

5 

-31 .25m V 

6 

-15.625mV 

7 

-7.81 25mV 

8 

-3.9063mV 

9 

-1.9531 mV 

10 

-976)1 V 

11 

-488|iV 

12 (LSB) 

-244|iV 


TABLE II. Nominal Bit Weight Values. 
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There is also a complementary V 0UT NOT output that allows 
for a differential output signal. The full scale complementary 
outputs (V oux and V 0UT N0T ) can be simply modeled as 
-20mA in parallel with 50Q. This gives an output swing of 
0.5Vp-p with an external 5 Of! load. 

REFERENCE/GAIN ADJUSTMENT 

The V REF pin should be supplied by a +1.0V reference that 
is capable of supplying a nominal current of 1.25mA. An 
alternative would be the use of a 1.25mA current source. A 
low drift reference will minimize gain drift. A recommended 
reference circuit is given in Figure 2 as shown in the Typical 
Performance Curves, lowering the reference voltage to +0.8V 
will typically improve the Spurious Free Dynamic Range by 
a few dB. 



FIGURE 2. A Low Drift External Reference Circuit. 


A low-cost alternative reference circuit is shown in Figure 
3. This circuit uses the Burr-Brown REF 1004-2.5 
micropower voltage reference. Gain drift is dependent upon 
the temperature coefficient of the 1.2k£2 resistor. A TC of 
< 10ppm/°C is recommended. 


+5V 



FIGURE 3. Low Cost External Reference Circuit. 


The DAC600 can also accept a wideband multiplying 
reference input. The full power bandwidth of this reference 
is approximately 30MHz. Care must be taken not to exceed 
the minimum and maximum input reference voltage levels 
which are lOOmV and + 1.25V respectively (refer to the 
absolute maximum ratings section). In the multiplying 
reference mode, the 0.4pF bypass capacitor on LBIAS and 
the 0.1 jiF on pin 35 need to be removed. A 47pF capacitor 
to ground needs to be connected to pin 35 (Figure 4.) 


V REF2 

DAC600 

V REF 

LBIAS Vref 

T~ 

(Open) 


FIGURE 4. Connections for a Multiplying Reference Input. 

TIMING 

The DAC600 has an internal latch that is triggered on the 
rising edge of the clock when the BYPASS pin is set LOW. 
This master-slave mode of operation will assure that the 12 
bits will arrive at the current sources with a minimum of data 
skew. Therefore, this mode is recommended for the vast 
majority of applications. Observing the minimum set-up and 
hold time recommendations will ensure proper data latching, 
refer to Figure 5 for complete timing specifications. 

When BYPASS is set HIGH, the DAC600 will operate in 
the transparent mode. In this mode, both the master and 
slave registers are transparent and changes in input data 
ripple directly to the output. Since the four MSBs have a 
decoder delay, these bits arrive at the output approximately 
600 picoseconds later than the lower 8 LSBs. Because this 
data skew causes glitch, this mode is not recommended for 
optimum AC performance. 

The DAC600 has a differential ECL clock input. This clock 
input can also be driven by a single ended clock if desired 
by trying the CLKNOT input to an external voltage of 
-1.3V. Using a differential clock provides much improved 
digital feedthrough immunity, however. 

DRIVING THE DAC600 

The DAC600 inputs will most likely be driven by high speed 
ECL gate outputs. These outputs should be terminated using 
standard high speed transmission line techniques. Consult an 
ECL handbook for proper methods of termination. 

Termination resistors should not be connected to the analog 
ground plane close to the DAC600. The fast changing digital 
bit currents will cause noise in the analog ground plane 
under this layout scheme. These fast changing digital cur- 
rents should be steered away from the sensitive DAC600 




47pF 


38 

n — %rxj 

39 (AC Ref Input) 
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analog ground plane. For speeds of up to 256MHz, series 
termination with 470 resistors will be adequate (Figure 6). 
This termination technique will greatly lessen the issue of 
termination currents coupling into the analog ground plane. 
This is shown in the typical DAC600 connection diagram 
(Figure 7.) 


ALTCOMPB and ALTCOMPC should be bypassed with 
O.IjliF capacitors connected to V EEA . When not used in the 
multiplying mode LBIAS should be bypassed with a 0.4pF 
capacitor connected to V EEA . The heat spreader (pins 26 and 
44) should be bypassed with a 0.1 pF capacitor. 



FIGURE 6. Series Bit Termination. 


LAYOUT AND POWER SUPPLIES 

A multilayer PC board with a solid ground and power planes 
is recommended. All of the ground pins (both analog and 
digital) should be connected directly to the analog ground 
plane at the DAC600. 

Wide busses for the power paths are recommended as good 
general practice. External bypassing is recommended. A 
lOpF ceramic capacitor in parallel with a 0.0 IpF chip 
capacitor will be sufficient in most applications. 


MAXIMIZING PERFORMANCE 

In addition to optimizing the layout and ground of the 
DAC600, there are other important issues to consider when 
optimizing the performance of this DAC in various AC 
applications. 

The DAC600 includes an internal 50 Q output impedance to 
simplify output interfacing to a 50£2 load. Because some 
loads may be a complex impedance, care must be taken to 
match the output impedance with the load. Mismatching of 
impedances can cause reflections which will affect the 
measured AC performance parameters such as settling time, 
harmonic distortion, rise/fall times, etc. Often complex im- 
pedances can be matched by placing a variable 3 to lOpF 
capacitor at the output of the DAC to ground. Also, probing 
the output of the DAC can present a complex impedance. 

The typical performance curves of Spurious Free Dynamic 
Range vs various combinations of clock rate and/or input 
frequency should give a general idea of the spectral perfor- 
mance of the DAC under system specific clock and output 
frequencies. For variable frequency DDS and ARB applica- 
tions, having a programmable frequency bandpass (smart) 
filter at the output of the DAC can greatly improve system 
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spur and noise performance by filtering out unwanted spur 
and noise spectra. Even with a programmable bandpass 
filter, care should be taken to update the DAC at greater than 
4 times per cycle to (1) minimize the 2nd and 3rd harmonic 
magnitudes by having the output slew excessively between 
any successive clock and (3) to keep the 2nd harmonic and 
other even order harmonics from folding back close to the 
fundamental under the condition f OUT = 1/3 f CLK and (3) 
to keep the 3rd harmonic and other harmonics from 
folding back close to the fundamental under the condition 


f OUT =1/4 f CLK . The making use of the high update rate of the 
DAC600 helps to lessen the problems of large harmonics 
“folding back” into the passband. 

For DDS applications, often the DAC itself is the limit in 
Spurious Free Dynamic Range (SFDR) performance. How- 
ever, due to the high linearity of the DAC600, low frequency 
spurious performance may be limited by the digital trunca- 
tion error of the phase accumulator/ROM combination. 
Most vendors supplying a combination of phase accumula- 
tor and ROM specify the SFDR of their digital algorithm. 



FIGURE 7. Typical DAC600 Connection Diagram. 
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DAC601 


PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


12-Bit 250MHz Latched ECL 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• LOW HARMONICS: 72dB AT 10MHz 

• LOW SETUP AND HOLD TIMES 

• LOW POWER: 480mW 

• LOW REFERENCE DRIFT: ±20ppm/°C 

• LOW GLITCH 

• STREAMLINED PINOUT: 

28-Pin 0.3" DIP or SOIC Package 


APPLICATIONS 


• TELECOMMUNICATIONS: 

Local Oscillator Generation 
Modulated Baseband Generation 

• FUNCTION GENERATORS 

• ARBITRARY WAVEFORM GENERATORS 

• TEST EQUIPMENT 


DESCRIPTION 


The DAC601 is a high speed, high performance 
digital-to-analog converter capable of 256MHz 
data rates. It is complete with a low-drift reference 
and internal latches. 

The user-friendly dual master/slave latches require 
minimal setup and hold times, thus reducing the 
speed and cost requirements of the driving 


memory. These optimized latches are also designed to 
suppress digital feedthrough. Segmented DAC current 
sources further minimize the output glitch. 

The DAC601 has been optimized for excellent spurious- 
free dynamic performance while dissipating only 480mW. 
This high performance device is available in streamlined 
(0.3" wide) 28-pin DIP and SOIC packages. A mil temp 
range DIP is also available. 


Internal 

Low-Drift 

Reference 


ECL \ ECL 

Digital 12 ) Input 

Input / Buffers 



Segment N. 


Master/ 

/ Decoder / 


Slave 

|/ Logic [/ 

Master/ 

Latch with 


Slave 

Transparent 

K 

Latch 

Option 

\ 

A 
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For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS 


T a = +25°C, -V s « 5.2V, using internal reference unless otherwise noted. 


PARAMETER 

CONDITIONS 

TEMP 

DAC601P, U, HSQ 

DAC601PB, UB 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

TEMPERATURE RANGE 










Specification: P, PB, U, UB Grades 

Tambient 


-40 


+85 

* 


* 

°C 

HSQ Grade 



-55 


+125 

* 


* 

°c 

Thermal Resistance: H Package 

Junction-to-Ambient 



75 



* 


°c/w 

P Package 




75 



* 


°c/w 

U Package 




75 





°c/w 

DIGITAL INPUTS 










Logic Inputs 



ECL Compatible 


* 



Resolution 





12 



* 

Bits 

ECL Logic Input Levels: V, L 

Logic "0" 

Full 

-1.48 

-1.95 

-2 

* 


* 

V 

I.L 


Full 



10 



* 

PA 

V,H 

Logic "1" 

Full 

-1.1 

-0.75 

0 

* 

* 

* j 

V 

'lH 


Full 



10 



* 

pA 

DIGITAL TIMING 










Input Data Rate 


Full 

DC 


256 

* 


* 

MHz 

Clock Pulse Width High or Low 


Full 


1.25 



* 


ns 

Set-up Time 


Full 


500 



* 


ps 

Hold Time (Referred to Clock) 


Full 


500 



* 


ps 

Propagation Delay 


Full 


2 



* 


ns 

ANALOG OUTPUT 










Analog Output Format 



Complementary, 

Unipolar 


* 



Full Scale Output Current, Both Outputs All Bits High, R L = OO 

Full 


-19.995 



* 


mA 

Low Output Current, Both Outputs 

All Bits Low, R L = 00 



0 



* 


mA 

Output Resistance^ 1 ) 

No External Termination 

Full 

632 

744 

856 

* 

* 

* 

a 

Output Capacitance 


Full 


3 



* 


pF 

REFERENCE CHARACTERISTICS 










REFIN 

Reference Input 



-2.5 



* 


V 

Input Range 



0 


-2.7 

* 


* 

V 

Input Resistance 




2 



* 


kO 

Full Power Bandwidth 




500 



* 


kHz 

REFOUT 

Internal Reference 









Accuracy 


+25°C 

-2.49 

-2.5 

-2.51 

* 

* 

* 

V 

Drift 


Full 


20 



* 


ppm/°C 

TRANSFER CHARACTERISTICS 










Monotonicity 


Full 

Guaranteed 

Guaranteed 


Differential Linearity Error 

Worst Case Code 

+25°C 


0.5 

1.0 


0.3 

0.5 

LSB 



Full 



2.0 


0.35 

0.5 

LSB 

Integral Linearity Error 


+25°C 


0.5 

1.0 


0.5 

0.75 

LSB 



Full 



2.0 


0.6 

1.0 

LSB 

Gain Error 


Full 


0.3 

0.7 


0.2 

0.5 

%FSR 

Output Offset 


Full 


0.4 

0.7 


0.2 

0.5 

%FSR 

Power Supply Rejection 

> 

jc 

i+ 

© 

Full 


±0.03 

±0.07 


* 

* 

%FSR/% 

TIME DOMAIN PERFORMANCE 










Rise Time 


+25°C 


770 



* 


ps 

Fall Time 


+25°C 


510 



* 


ps 

Settling Time 










±0.1% 

Major Carry, 1 LSB Change 

Full 


4 



* 


ns 

±.024% 


Full 


15 



* 


ns 

Glitch Energy 


Full 


1.5 



* 


pV s 

DYNAMIC PERFORMANCE 










Spurious Free Dynamic Range (SFDR) 









f 0 = 1MHz 

fcLOCK = 50MHz 

+25°C 


76 



* 


dBFS 

f 0 = 5MHz 

^clock = 50MHz 

+25°C 


74 



* 


dBFS 

f 0 = 10MHz 

fcLOCK = 50MHz 

+25°C 


72 



* 


dBFS 

f 0 = 5MHz 

fcLOCK - 100MHz 

+25°C 


73 



* 


dBFS 

f 0 = 10MHz 

fcLOCK = "1 00MHz 

+25°C 


72 



* 


dBFS 

f 0 = 20MHz 

^clock = 100MHz 

+25°C 


62 



* 


dBFS 

f 0 = 50MHz 

^clock - 256MHz 

+25°C 


78 



* 


dBFS 

f 0 = 80MHz 

fcLOCK = 256MHz 

+25°C 


72 



* 


dBFS 

Differential Gain Error 

NTSC 

+25°C 


TBD 



* 


% 

Differential Phase Error 

NTSC 

+25°C 


TBD 



* 


0 

Output Noise 

Bits 1-12 High 

+25°C 


10.6 



* 


nVVHz 

POWER SUPPLY REQUIREMENTS 










Supply Voltage: -V s 

Operating 

Full 

-5.46 

-5.2 

-4.94 

* 

* 

* 

V 

Supply Current: -l s 

Operating 

Full 


92 

105 


* 

* 

mA 

Power Consumption 


Full 


478 

546 


* 

* 

W 


NOTE: (1 ) The DAC601 output may be externally terminated with a 53.60 resistor to ground for an equivalent 500 nominal output impedance and OV to -1 V output 
swing. 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 

ORDERING INFORMATION PIN DEFINITIONS 


DAC601 ( ) { ) ( ) 

Basic Model Number ' j 

Package Code 1 

P 

U 

H 

Performance Grade Code 

No letter or "B" = -40°C to +85°C 
S = -55° C TO +125°C 

Reliability Screening 

Q-Screened (HS Model Only) 


ABSOLUTE MAXIMUM RATINGS 


-V s 0.3V to —7 V 

Logic Inputs 0V to -5.5V 

Junction Temperature +165°C 

Storage Temperature -65°C to +165°C 

Lead Temperature (soldering, 10s) +300°C 

(soldering, SOIC, 3s) +260°C 


Stresses above these ratings may permanently damage the device. 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DAC601H, HSQ 

28-Pin, 0.3" Wide Hermetic Sidebraze 

247 

DAC601P, PB 

28-Pin, 0.3" Wide Plastic DIP 

246 

DAC601U, UB 

28-Pin, 0.3" Wide SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


PIN NO 

DESIGNATION 

DESCRIPTION 


B, 

Bit 1 , Most Significant Bit 


b 2 



b 3 


4 

b 4 


5 

b 5 


6 

Be 


7 

b 7 


8 

b 8 


9 

b 9 


10 

B 10 


11 

B „ 


12 

B 1t 

Bit 12, Least Significant Bit 

13 

Clock 

Data Clocking Input 

14 

NCLOCK 

Complement of Clock Input 

15 

GND 

Ground 

16 

-V 8 

Voltage Supply Input (-5.2V) 

17 

DIVGND 

Divider Ground 

18 

BYP 

Bypass DAC 

19 

LM 

Latch Mode (1) 

20 

NIC 

No Internal Connection 

21 

-V s 

Voltage Supply Input (-5.2V) 

22 

NOUT 

Complementary Output 

23 

OUT 

Output 

24 

REFIN 

Reference Input 

25 

REFOUT 

Reference Output 

26 

GND 

Ground 

27 

-v s 

Negative Supply Input (-5.2V) 

28 

GND 

Ground 


NOTE: (1) If LM is left floating, the input latches will be in the latch mode. If 
LM is grounded, the input latches will be in the transparent mode. 


TIMING DIAGRAM 


v 


jl CLK 0 


X 


f 


A. 


v OUT 


X 


v OUT(-1) 


CLK 1 


K / CLK * N 


X 


X 


A X ~ 


V OUT(1) 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

tp 

Propagaton delay. 50% of CLK to 50%V OUT 


2 


ns 


Time not including one pipeline delay 





*su 

Setup time DATA must be stable before CLK 


500 


ps 

t H 

Hold time DATA must remain stable after CLK 


500 


ps 

Wl 

CLK pulse width low (50% to 50%) 


1.25 


ns 

Wh 

CLK pulse width high (50% to 50%) 


1.25 


ns 

t r 

Data update period 

4 



ns 


NOTE: Timing is specified in the mode with the LATCH mode floating. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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For Immediate Assistance, Contact Your Local Salesperson 



DAC602 


PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


12-Bit 100MHz Latched TTL 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• LOW HARMONICS: 72dB AT 10MHz 

• LOW SETUP AND HOLD TIMES 

• LOW POWER: 490mW 

• LOW REFERENCE DRIFT: ±20ppm/°C 

• LOW GLITCH 

• STREAMLINED PINOUT: 

28-Pin 0.3" DIP or SOIC Package 


APPLICATIONS 


• TELECOMMUNICATIONS: 

Local Oscillator Generation 
Modulated Baseband Generation 

• FUNCTION GENERATORS 

• ARBITRARY WAVEFORM GENERATORS 

• TEST EQUIPMENT 


DESCRIPTION 

The DAC602 is a high speed, high performance 
digital-to-analog converter capable of 100MHz 
data rates. It is complete with a low-drift reference 
and internal latches. 

The user-friendly dual master/slave latches require 
minimal setup and hold times, thus reducing the 
speed and cost requirements of the driving 


memory. These optimized latches are also designed to 
suppress digital feedthrough. Segmented DAC current 
sources further minimize the output glitch. 

The DAC602 has been optimized for excellent spurious- 
free dynamic performance while dissipating only 490mW. 
This high performance device is available in streamlined 
(0.3" wide) 28-pin DIP and SOIC packages. A mil temp 
range DIP is also available. 


TTL-ECL 

Input 

Translators 


TTL \ TTL-ECL 

Digital 1 2 ) Input 

Input / Translators 


Internal 

Low-Drift 

Reference 



Segment 


Master/ 
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Slave 
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Master/ 
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K 
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\ 
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Or, Call Custom Service at 1-800-548-6132 (USA Only) 

SPECIFICATIONS 


TA = +25°C, +V S = +5V, -V s = 5.2V, using internal reference unless otherwise noted. 


PARAMETER 

CONDITIONS 

TEMP 

DAC602P, U, HSQ 

DAC602PB, UB 

UNITS 

nun 

TYP 

mnm 

mmm 

TYP 


TEMPERATURE RANGE 










Specification: P, PB, U, UB Grades 

Tambient 


-40 


+85 

* 


* 

°C 

HSQ Grade 



-55 


+125 




°c 

Thermal Resistance: H Package 

Junction-to-Ambient 



75 



* 


°c/w 

P Package 




75 



* 


°c/w 

U Package 




75 



* 


°c/w 

DIGITAL INPUTS 










Logic Inputs 



TTL/HCT Compatible 


* 



Resolution 





12 



* 

Bits 

TTL Logic Input Levels: V )L 

Logic "0" 

Full 



0.8 



* 

V 

IlL 


Full 



+10 



* 

pA 

V,H 

Logic "1" 

Full 

+2 



* 



V 

IlH 


Full 



+10 



* 

pA 

DIGITAL TIMING 










Input Data Rate 


Full 

DC 


100 

* 


* 

MHz 

Clock Pulse Width High or Low 


Full 


2.5 



* 


ns 

Data Set-up Time 

Referred to Clock 

Full 


500 



* 


ps 

Hold Time 

Referred to Clock 

Full 


500 



* 


ps 

Propagation Delay 


Full 


2 



* 


ns 

ANALOG OUTPUT 










Analog Output 



Complementary, 

Unipolar 


* 



Full Scale Output Current V 0UT 

All Bits High, R L = Oft 

Full 


-19.995 



* 


mA 

Low Output Current, V OUT 

All Bits Low, R l = Oft 

Full 


0 



* 


mA 

Output Resistance! 1 ) 

No External Termination 

Full 

632 

744 

856 

* 

* 

* 

W 

Output Capacitance 


Full 


3 



* 


PF 

REFERENCE CHARACTERISTICS 










REFIN 

Standard Reference Voltage 

Full 


-2.5 



* 


V 

Input Range 


Full 

0 


-2.7 



* 

V 

Input Resistance 




2 



* 


kft 

Full Power Bandwidth 




500 



* 


kHz 

REFOUT 

Internal Reference 









Accuracy 


+25°C 

-2.49 

-2.5 

-2.51 

* 

* 

* 

ppm 

Drift 


Full 


20 



* 


ppm/°C 

TRANSFER CHARACTERISTICS 










Monotonicity 


Full 

C 

Guarantee 


Guaranteed 


Differential Linearity Error 

Worst Case Code 

+25°C 


0.5 

1.0 


0.3 

0.5 

LSB 



Full 


0.6 

2.0 


0.35 

0.5 

LSB 

Integral Linearity Error 


+25°C 


0.5 

1.0 


0.5 

0.75 

LSB 



Full 


0.75 

2.0 


0.6 

1.0 

LSB 

Gain Error 


Full 


0.3 

0.7 


0.2 

0.5 

%FSR 

Output Offset 


Full 


0.4 

0.7 


0.2 

0.5 

%FSR 

Power Supply Rejection 

A — Vg = ±10% 

Full 


±0.03 

±0.07 


* 

* 

%FSR/% 


A +V S = ±5% 

Full 


±0.01 

±0.07 


* 

* 

%FSR/% 

TIME DOMAIN PERFORMANCE 










Rise Time 


+25°C 


770 



* 


ps 

Fall Time 


+25°C 


510 



* 


ps 

Settling Time 










±0.1% 

Major Carry, 1 LSB Change 

Full 


4 



* 


ns 

±.024% 


Full 


15 



* 


ns 

Glitch Energy 


Full 


1.5 



* 


pv s 

DYNAMIC PERFORMANCE 










Spurious Free Dynamic Range (SFDR) 









f 0 = 1MHz 

fcLOCK = 20MHz 

+25°C 


78 



* 


dBFS 

f 0 = 5MHz 

fcLOCK = 20MHz 

+25°C 


72 



* 


dBFS 

f 0 = 1MHz 

f clock = 50MHz 

+25°C 


76 



* 


dBFS 

f 0 = 5MHz 

fcLOCK = 50MHz 

+25°C 


74 



* 


dBFS 

f 0 = 10MHz 

fcLOCK = 50MHz 

+25°C 


72 



* 


dBFS 

f 0 = 5MHz 

fcLOCK = 1 00MHz 

+25°C 


73 



* 


dBFS 

f 0 = 10MHz 

fcLOCK = 100MHz 

+25°C 


72 





dBFS 

f 0 = 20MHz 

f CLOCK - 100MHz 

+25°C 


62 





dBFS 

Differential Gain Error 

NTSC, PAL 

+25°C 


TBD 





% 

Differential Phase Error 

NTSC, PAL 

+25°C 


TBD 



* 


0 

Output Noise 

Bits 1-12 High 

+25°C 


10.6 



* 


nVfHz 

POWER SUPPLY REQUIREMENTS 










Supply Voltages: +V S 

Operating 

Full 

+4.75 

+5.0 

+5.25 

* 

* 

* 

V 

-V s 


Full 

-5.46 

-5.2 

-4.94 

* 

* 

* 

V 

Supply Currents: +l s 

Operating 

Full 


2 

2.3 


* 

* 

mA 

-, s 


Full 


92 

105 


* 

* 

mA 

Power Consumption 


Full 


488 

560 


* 

* 

mW 


NOTE: (1) The DAC602 output may be externally terminated with a 53.6ft resistor to ground for an equivalent 50ft output impedance and 0V to -IV output swing. 
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For Immediate hssistance, Contact Your Local Salesperson 

ORDERING INFORMATION PIN DEFINITIONS 


DAC602 ( 

Basic Model Number * 1 

) ( 

) ( 

) 

P 

U 

H 

Darfnmi'inM rS roHa n.nAa 

No letter or ”B" = -40°C to +85C 

S = -55°C to +1 25°C 

| Q-Screened (HS Model Only) 




ABSOLUTE MAXIMUM RATINGS 


+V S +6V 

-Vg 0.3V to -7V 

Logic Inputs 0V to -5.5V 

Junction Temperature +165°C 

Storage Temperature -65°C to +165°C 

Lead Temperature (soldering, 10s) +300°C 

(soldering, SOIC, 3s) +260°C 


Stresses above these ratings may permanently damage the device. 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DAC602H, HSQ 

28-Pin, 0.3" Wide Hermetic DIP 

247 

DAC602P, PB 

28-Pin, 0.3" Wide Plastic DIP 

246 

DAC602U, UB 

28-Pin, 0.3" Wide SOIC 
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NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


PIN NO 

DESIGNATION 

DESCRIPTION 

1 

B, 

Bit 1 , Most Significant Bit 

2 

b 2 


3 

B 3 


4 

b 4 


5 

b 5 


6 

b 6 


7 

b 7 


8 

b 8 


9 

B 9 


10 

Bio 


11 

B ii 


12 

B 1 2 

Bit 12, Least Significant Bit 

13 

Clock 

Data Clocking Input 

14 

+v s 

Positive Supply Input (+5V) 

15 

GND 

Ground 

16 

-V 8 

Negative Supply Input (-5.2V) 

17 

DIVGND 

Divider Ground 

18 

BYP 

Bypass DAC 

19 

LM 

Latch Mode (1) 

20 

NC 

No Internal Connection 

21 

-v s 

Negative Supply Input (-5.2 V) 

22 

NOUT 

Complementary Output 

23 

OUT 

Output 

24 

REFIN 

Reference Input 

25 

REFOUT 

Reference Output 

26 

GND 

Ground 

27 

-v. 

Negative Supply Input (-5.2V) 

28 

GND 

Ground 


NOTE: (1) If LM is left floating, the input latches will be in the latch mode. If 
LM is grounded, the input latches will be in the transparent mode. 


TIMING DIAGRAM 


CLK \y 

*su 

/ 



V 

— 

- t 

R 

\ 


/ 

\ / 


f CLK 0 


CLK 1 X 

f CLK 2 N 









DATA ^ 

^ DATA 0 ^ 


DATA 1 DATA 2 ^ 



v OUT )( V 0 UT(-1) y 

V OUT(0) )( v OUT(1) 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

tp 

Propagaton delay. 50% of CLK to 50%V O ut- 


2 


ns 


Time not including one pipeline delay. 





tsu 

Setup time DATA must be stable before CLK. 


500 


ps 

t H 

Hold time DATA must remain stable after CLK. 


500 


ps 

Wl 

CLK pulse width low (50% to 50%). 


2.5 


ns 

Wh 

CLK pijlse width high (50% to 50%). 


2.5 


ns 



10 



ns 


NOTE: Timing is specified in the mode with the LATCH mode floating. 


The information provided herein is believed to be reliable: however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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Or, Call easterner Service at 1-B00-548-6132 (OSH Only) 


DAC650 


DEMO BOARD 
AVAILABLE 
See Appendix A 
for more information. 


12-Bit 500MHz I 

DIGITAL-TO-ANALOG CONVERTER I 


FEATURES 

• 12-BIT RESOLUTION 

• 500MHz UPDATE RATE 

• GUARANTEED SPURIOUS 
PERFORMANCE 

• LOW GLITCH 

• FAST SETTLING 

• INTERNAL EDGE-TRIGGERED LATCH 

• LASER TRIMMED ACCURACY 

• INTERNAL REFERENCE 

• CLEAN LOW-NOISE OUTPUT 


DESCRIPTION 

The DAC650 is a high performance 12-bit digital to 
analog converter for high frequency waveform gen- 
eration. It is complete with an internal low drift refer- 
ence and edge-triggered data latch. The internal seg- 
mentation and latching provide for minimal output 
glitch energy. 

The ECL compatibility provides for low digital noise 
at high update rates. The 500 output resistance and 
low output capacitance simplify transmission line de- 
sign and filtering at the output. Complementary out- 
puts are offered for increased performance while driv- 
ing transformers or differential amplifiers. 

The DAC650 combines precision thin film and bipolar 
technology with high speed gallium arsenide to create 
a high performance, cost effective solution for modem 
waveform synthesis systems. 
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APPLICATIONS 

• DIRECT DIGITAL SYNTHESIS 

• ARBITRARY WAVEFORM GENERATION 

• HIGH RESOLUTION GRAPHICS 

• COMMUNICATIONS LOCAL OSCILLATORS 
Spread Spectrum 

Base Stations 
Digitally Tuned Receivers 

• HIGH-SPEED MODEMS 



ECL ECL V BB0UT 

HI IN LO IN 



BURR -BROWN® 
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For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS 

ELECTRICAL 


Over full specified temperature range, using the internal +1 OV reference and rated supplies, unless otherwise noted. 




DAC650JL 

DAC650KL 


PARAMETER 

CONDITIONS 


HuQSI 




heem 

UNITS 

TEMPERATURE RANGE 

Specification: DAC650JL, KL (1) 

Ambient 

0 


+70 

* 



°C 




27 



* 


°c/w 

0 JC 



13 



* 


°c/w 

DIGITAL INPUTS 









Logic 

1 2 Parallel Input Lines 



ECL Compatible 




Resolution 




12 



* 

Bits 

ECL Logic Input Levels (2) : V IU 

Logic “0” 

-1.475 

-1.8 

-2 

* 

* 

* 

V 

l,L 



1.0 

10 


* 

* 

pA 

V |H 

Logic “1” 

-1.115 

-0.8 

-0.6 

* 

* 

* 

V 

l IH 



1.0 

10 


* 

* 

pA 

Logic Threshold Voltage 


-1.2 

-1.3 

-1.4 

* 

* 

* 

V 

DIGITAL TIMING 

Input Data Rate 


DC 


500 

* 


* 

MHz 

CLK Pulse Width Low 


1.0 



* 



ns 

Set-Up Time 


2.0 

1.8 


* 

* 


ns 

Hold Time (Referred to CLK) 


-500 

-600 


* 

* 


ps 

Propagation Delay 



1.5 





ns 

ANALOG OUTPUT 

Bipolar Output Current 

R l = Ofl 


±20 



* 


mA 

Bipolar Output Voltage 

R, =oo 


±1.0 



* 


V 

Output Resistance 

Vout- Vqut to Ground 

49 

50 

51 

* 

* . 

* 

Q 

Output Resistance Drift 


50 



* 


ppm/°C 

Output Capacitance 



5 





pF 

TRANSFER CHARACTERISTICS 

Integral Linearity Error 

Best Fit Straight Line 


±0.018 

±0.036 


±0.012 

±0.024 

%FSR 

Differential Linearity Error 

+25°C 


±0.018 

±0.036 


±0.08 

±0.024 

%FSR 


Over Temperature 


±0.018 

±0.036 


±0.012 

±0.024 

%FSR 

Monotonicity 



Typical 



Guaranteec 



Bipolar Gain Error 

Output Voltage, R L = <*> 


±0.5 

±1.0 


±0.5 

±1.0 

%FSR 

Bipolar Offset Error 

Output Voltage, R L = °° 


±0.5 

±1.0 


±0.25 

±0.5 

%FSR 

TIME DOMAIN PERFORMANCE 

Glitch Energy 

Major Carry 


20 



* 


pV-s 

Output Rise Time 

10% to 90% 


300 



* 


ps 

Output Fall Time 

90% to 10% 


350 



* 


ps 

Settling Time* 3 *: ±0.1%FSR 

Major Carry, 1LSB Change 


2.0 





ns 

REFERENCES 

V BB Input Range (Pin 1 ) 


-1.4 

-1.3 

-1.2 

* 

* 

* 

V 

V BB | NT Reference (Pin 68) 


-1.4 

-1.3 

-1.2 

* 

* 

* 

V 

v bbext Tracking Reference (Pin 67) 

ECLhhn = -0.8V, ECL loin = -1.8V 

-1.4 

-1.3 

-1.2 

* 

* 

* 

V 

Internal Reference Voltage (Ref Out) 


9.95 

10 

10.05 

* 

* 

* 

V 

Ref in Resistance 



4950 





a 

Ref in Operating Voltage Range 


4.5 

10.0 

11.0 

* 


* 

V 

DYNAMIC PERFORMANCE 

Spurious Free Dynamic Range* 4 * 









f 0 = 1MHz, f CLK = 100MHz 

+25°C, Span = DC to fcLK^ 

65 

68 


68 

70 


dBc< 5 > 

f 0 = 10MHz, f CLK = 100MHz 

+25°C, Span = DC to f CLK /2 

59 

63 


62 

65 


dBc 

f Q = 30MHz, f CLK = 200MHz 

+25°C, Span = DC to f CLK /2 

50 

52 


53 

56 


dBc 

fo = 80MHz, f CUK = 200MHz 

+25°C, Span = DC to f CLK /2 

47 

50 


50 

52 


dBc 

f 0 = 80MHz, f CLK = 500MHz 

+25°C, Span = DC to 150MHz 

49 

55 


52 

58 


dBc 

f Q = 100MHz, f CLK = 500MHz 

+25°C, Span = 50MHz to 150MHz 

51 

56 


54 

59 


dBc 

Output Noise 

Full Scale Sine Wave Output 


1.0 



* 


pV/VTiz 

POWER SUPPLIES 

Supply Voltages: +V CC 

Operating, T M , N to T MAX 

+14.25 

+15 

+15.75 

* 

* 

* 

V 

-Vcc 


-15.75 

-15 

-14.25 

*. 

* 

* 

V 

+ Vddi 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

— VqD2 


-5.46 

-5.2 

-4.94 

* 

* 

* 

V 

Power Supply Rejection 

All Supplies, ±5% Change 


0.05 

0.08 


*. 

* 

%/% 

Supply Currents: +l cc 

Operating 


10 

13 


* 

* 

mA 

“•cc 



-47 

-50 


* 

* 

mA 

+Iddi 



53 

57 


* 

* 

mA 

^DD2 



-191 

-245 


* 

* 

mA 

Power Consumption 

Operating 


2.0 

2.6 


* 


W 


NOTE: (1) Extended temperature range devices are available, inquire. (2) V BB , N (Pin 1) connected to V BB)NT (Pin 68). (3) Settling time is influenced by load due to 
fast edge speeds. Use good transmission line techniques for best results. (4) Spurious Free Dynamic Range includes both harmonic and non-harmonic related spurs 
in the bandwidth indicated. (5) dBc is “dB referred to the fundamental amplitude.” 
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ORDERING INFORMATION 


MODEL 

DESCRIPTION 

TEMPERATURE 
RANGE (AMBIENT) 

DAC650JL, KL 

68-Pin Ceramic, Gullwing Leads 

0°C to +70°C 


ABSOLUTE MAXIMUM RATINGS 


+ v cc 

±18V 

+0.5V to -5.5V 


-40°C to +125°C 

Junction Temperature 

+150°C 

Storage Temperature 

-55°C to +125°C 

Lead Temperature (soldering, 10s) 

+300°C 

| Stresses above these ratings may permanently damage the device. j 


PIN DEFINITIONS 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC650JL, KL 

68-Pin Ceramic Gullwing 

256 


NOTE: (1 ) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that this integrated circuit 
be handled and stored using appropriate ESD protection 
methods. j 


PIN NO 

DESIGNATION 

DESCRIPTION 

PIN NO 

DESIGNATION 

DESCRIPTION 

1 

v BB 

Sets Logic Threshold for Bits 1 -1 2 

35 

AGND 

Ground for Analog Output Current 

2 

Bit 1 

MSB 

36 

AGND 


3 

Bit 2 


37 

AGND 


4 

Bit 3 


38 

AGND 


5 

Bit 4 


39 

Ysm 

Complementary Output Voltage 

6 

Bit 5 


40 

V OUT 


7 

Bit 6 


41 

v 

v OUT 


8 

Bit 7 


42 

AGND 


9 

Bit 8 


43 

AGND 


10 

Bit 9 


44 

AGND 


11 

Bit 10 


45 

v 

Output Voltage 

12 

Bit 11 


46 

v 


13 

Bit 12 

LSB 

47 

v 


14 

v EE 

Logic Power (-5.2V Nominal)* 1 ’ 

48 

AGND 


15 

v EE 


49 

AGND 


16 

CLK 

Clock 

50 

AGND 


17 

CLKnot 

Not Clock 

51 

AGND 


18 

DNC 

Do Not Connect 

52 

-15V 

-15V Supply 

19 

v EE 


53 

-15 V 


20 

V EE 


54 

PWR GND 

Ground for Analog Supplies 

21 

V EE 


55 

+5V 

+5V Supply 

22 

V EE 


56 

+5 V 

+5V Supply 

23 

V EE 


57 

Vos AD J 

Offset Adjust 

24 

V EE 


58 

PWR GND 

Ground for Analog Supplies 

25 

V EE 


59 

Ref ADJ 

Reference Out Adjust 

26 

V EE 


60 

Ref OUT 

Reference Out (+10V, Buffered) 

27 

DGND 

Ground for Logic 

61 

Ref IN 

Reference In (4.950k£2) 

28 

DGND 


62 

+15V 

+15V Supply 

29 

DGND 


63 

PWR GND 

Ground for Analog Supplies 

30 

DGND 


64 

-5.2V Analog 

Analog Power (-5.2 V Nominal)* 1 ’ 

31 

DGND 


65 

ECL LO |N 

External ECL LOW input (optional) 

32 

DGND 


66 

eclhi 1n 

External ECL HI input (optional) 

33 

DGND 


67 

^BBEXT 

The buffered mean of LO EXT and HI EXT 

34 

DGND 


68 

v 

v BBINT 

Internally generated -1 .3V reference 


NOTE: (1 ) Both the -5.2V Logic and -5.2V analog pins should be powered from a common supply. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C unless otherwise noted. 
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Spurious Free Dynamic Range (dBc) Spurious Free Dynamic Range (dBc) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C unless otherwise noted. 
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vs CLOCK FREQUENCY 
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TECHNOLOGY OVERVIEW 

The DAC650 uses a unique design approach to achieve very 
fast settling time and high resolution. This mixed-technol- 
ogy design uses two active chips: one gallium arsenide and 
the other silicon. 

The GaAs MESFET die is used for those circuits which 
determine speed. This includes the latches, data decoders, 
and current switches. A silicon die with thin film is used for 
those circuits which determine accuracy, such as the preci- 
sion references and current sources. The precision R-2R 
resistor ladders are laser trimmed to further increase the 
accuracy of the DAC650. A block diagram of the DAC650 
is shown in Figure 1. 

THEORY OF OPERATION 

The DAC650 employs a familiar architecture where input 
bits switch on the appropriate current sources. Bits 1-3 are 
decoded into 7 segments before the first set of latches. A 
similar delay is given for the 9 least significant bits to 
minimize data skew. The edge triggered master-slave latches 
are driven by an internal clock buffer. This buffer placement 
has matched the clock lines to each of the 32 latches, thus 
minimizing output glitch energy. 

There are 7 current sources for bits 1 to 3. Current sources 
for bits 4-8 are scaled down in binary fashion. These current 
sources are switched directly to the output of the R-2R 
ladder. Bits 9-12 are fed to the laser trimmed R-2R ladder for 
proper scale-down. The segmentation further minimizes 
output glitch which can cause spectral degradation. 

The output current sees 50f2 of output impedance from the 
equivalent resistance of a R-2R ladder (100£2) in parallel 
with 100Q (Figure 1). With all of the current sources off, the 
output voltage is at +1V. With all current sources on 
(-40mA), the output voltage is at -IV. There is also a 
complementary V OUT output that allows for a differential 
output signals. The full scale complementary outputs (V OUT 
and V out ) can be simply modeled as ±20mA in parallel with 
50Q. This gives an output swing of lVp-p with an external 
50£2 load. 

REFERENCE/GAIN ADJUSTMENT 

A precision +10V reference is included in the DAC650. A 
5QQ. resistor should be connected between REF IN and REF OUT 
for the specified unadjusted gain. This internal reference has 
been laser trimmed to minimize offset and gain drift. Alter- 
natively, an external reference may be used. Multiple DACs 
may be run from one master reference by connecting a 50Q 
resistor from each REF IN to the master REF 0UX . A 100Q 
potentiometer may be used in place of the 5012 resistor in 
order to provide a ±1% gain adjustment range (Figure 2). 

A wider adjustment range of ±20% may be achieved by 
connecting a lOkQ potentiometer from REF OUT to ground, 
with the wiper connected to the REF ADJ pin. Adjusting the 
output to more than 40mA full scale may degrade high 


frequency performance and reliability due to higher current 
densities and operating temperature. Alternatively, lower 
full scale currents will affect operation because there is less 
current available to charge internal and external capaci- 
tances. 

It should be noted that the gain adjust techniques mentioned 
above affect the current output and thus the voltage output 
from the DAC650. The voltage output will also be affected 
by an external load acting in parallel with the 50Q output 
impedance. 

OFFSET ADJUST 

The offset may be adjusted by connecting a potentiometer 
between the +5V supply and ground with the wiper con- 
nected to the offset adjust pin. The voltage on this pin withl 
no connection is about 2V, with an equivalent impedance ofl 
1.6k£2. A 10k£2 potentiometer will give the necessary ad-* 
justment range. The full scale range of the DAC output may 
be offset so it is not symmetrical around zero, but the full 
scale range must also be adjusted so that the output swing 
does not exceed ±1V. Connecting the offset adjust pin to 
ground gives a unipolar output of 0 to -2V (with no load) or 
0 to -IV (with a 50£2 load). This also reduces the current 
requirements for the +5V supply by 20mA. 

DIGITAL INPUTS, LOGIC THRESHOLDS, 
and TERMINATION 

The input logic levels and clock levels are ECL compatible. 
The data inputs are single ended ECL and the clock input is 
differential. 

The internal impedance of the data and clock inputs is a high 
impedance (FET gate), and is clamped to the digital supply 
and ground to protect against ESD damage. ESD precau- 
tions should still be used when handling the DAC650. 

The inputs will most likely be driven by high-speed ECL 
gate outputs. These outputs should be terminated using 
standard high-speed transmission line techniques. Consult 
an ECL handbook for proper methods of termination. 

Termination resistors should not be connected to the analog 
ground plane close to the DAC650. The fast changing digital 
bit currents will cause noise in the analog ground plane 
under this layout scheme. These fast changing digital cur- 
rents should be steered away from the sensitive DAC650 
analog ground plane. For speeds of up to 256MHz, series 
termination with 47£2 resistors will be adequate 
(Figure 3). This termination technique will greatly lessen the 
issue of termination currents coupling into the analog ground 
plane. Above 256MHz, parallel termination of the transmis- 
sion line at the package pin may be required for clean digital 
input. 

The input data threshold level is set by connecting the 
appropriate voltage (-1.2V to -1.4V) to pin 1. The actual 
level may be provided 3 ways: 

(1) The user connects the DAC650’s internal -1.3V thresh- 
old reference directly to pin 1. This simple connection 
provides excellent noise margins for ECL levels. 
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FIGURE 1. Functional Block Diagram of the DAC650. 



FIGURE 3. Series Bit Termination. 


BURR -BROWN® 


3.42 


Burr-Brown IC Data Book — Data Conversion Products 
























Or, Call Customer Service at 1-800-548-6132 ( USA Only) 


(2) An external V BB system reference is applied to pin 1 . This 

technique may allow data threshold levels to track the 
system over supply and temperature variations. 

(3) The internal tracking ECL threshold reference (pin 67) is 

applied to pin 1. The output of the tracking ECL 
threshold reference is simply the average of two exter- 
nally applied levels. These levels are a system logic low 
(pin 65) and system logic high (pin 66). This technique 
may provide increased noise margin for systems with 
levels slightly different from ECL. Leave pins 65-67 
open if this option is not used. 

TIMING 

The DAC650 has an internal edge triggered latch. The 
output changes on the positive edge of CLK. This master- 
slave latching will assure that the 12 bits will arrive at the bit 
switches with a minimum of data skew. Data must have 
adequate setup and hold time for proper operation (refer to 
Figure 4). Note that the Hold time is negative. Therefore the 
data may change before the rising edge of clock and still be 
valid. 


The DAC650 has a differential ECL clock input. This clock 
input can also be d riven by a single-ended clock if desired 
by tying the CLK input to an external voltage of -1.3V. 
Using a true differential clock provides much improved 
digital feedthrough immunity, however. 

DATA IN/VOUT CORRESPONDENCE 

The each full scale output of the DAC650 may be modeled 
as either ±20mA current source in parallel with 50Q or a 
±1V voltage source in series with 50Q. The nominal current 
and voltage bit weights are given in Table I and the input 
code vs output voltage relationships are given in Table II. 

Transmission line techniques at the output are also recom- 
mended to minimize ringing and glitching. Ideally, both of 
the outputs should see the same termination, including anyl 
delay between the DAC650 and the load. I 

Since the outputs V OUT and V OUT are equal in magnitude but 
opposite in sign, they are ideal for driving RF 
transformers (Figures 5). The primary may be connected 
between the two outputs. The secondary may be floating or 
referenced to ground. This results in a 2X signal power and 
some cancellation of clock feedthrough, glitching, and 
distortion. Figures 6 and 7 give recommended output 
amplifiers. 


VWL — 



SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

l P 

Propagation delay. 50% of CLK to 50% of V OUT . 


1.5 


ns 

*su 

Setup time DATA must remain stable before CLK. 

2.0 

1.8 


ns 


Hold time DATA must remain stable after CLK. 

-500 

-600 


ps 

tpWL 

CLK pulse width low (50% to 50%). 

1.0 



ns 


FIGURE 4. Timing Diagram for the DAC650. 
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If only one output is used, the unused output should be 
terminated identically. If the terminations cannot be identi- 
cal and the unused output must be unterminated, the termi- 
nation for the used output should fie as close as possible to 
the DAC650. 


mended. A lOpF tantalum capacitor in parallel with a 
0.0 lpF chip capacitor will be sufficient in most applications. 

Pin 64, Analog V EE , should be connected to the same supply 
as the digital V EE pins (-5.2V). 


LAYOUT AND POWER SUPPLIES 

A multilayer PC board with a solid ground and power planes 
is recommended. An example of a typical circuit configura- 
tion is given in Figures 8. The DAC650 has multiple ground 
pins to minimize pin impedances. All of the ground pins 
(analog and digital both) should be connected directly to the 
analog ground plane at the DAC650. 

Wide busses for the power paths are recommended as good 
general practice. There are several internal power supply 
bypass capacitors, but external bypassing is still recom- 


BIT 

VOLTAGE (No External Load) 

CURRENT 

1 

IV 

20mA 

2 

.5V 

10mA 

3 

0.25V 

5mA 

4 

0.125 V 

2.5mA 

5 

62.5mV 

1 .25mA 

6 

31.25mV 

625|xA 

7 

15.625mV 

312.5|iA 

8 

7.81 25mV 

156.25nA 

9 

3.9063mV 

78.125|aA 

10 

1 .9531 mV 

39.06|aA 

11 

976|xV 

19.53jxA 

12 (LSB) 

488mV 

9.76|0.A 


TABLE I. Nominal Bit Weight Values. 


INPUT BITS 

1 2 3 4 5 6 7 8 9 10 11 12 


OUTPUT VOLTAGES 


0000000 

0000000 

0000000 


0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 


+ 1.000 
+1 - 488|iiV 
+1 - 976jiV 


-1 + 488|iV 
-1 + 976|iV 
-1 + 1 .464mV 


010000000 0 0 0 
100000000 0 0 0 
111111111 1 1 1 


0.50 -0.50 + 488p.V 

0.000 +488|iV 

-1 +488hV +1.000 


TABLE II. Input Code vs Output Voltage Relationships. 



FIGURE 5. Using an RF Transformer at the Output of the 
DAC650. Filtering the Outputs Before the 
Transformer Improves the Performance in Some 
Applications. 


MAXIMIZING PERFORMANCE 

The DAC650 has been designed to give a very clean analog 
output with minimal noise, overshoot, and ringing. In addi- 
tion to optimizing the layout and ground of the DAC650, 
there are other important issues to consider when optimizing 
the performance of this DAC in various AC applications. 

The DAC650 includes an internal 500 output impedance to 
simplify output interfacing to a 500 load. Because some 
loads may be a complex impedance, care must be taken to 
match the output impedance with the load. Mismatching of 
impedances can cause reflections which will affect the 
measured AC performance parameters such as settling time, 
harmonic distortion, rise/fall times, etc. Often complex im- 
pedances can be matched by placing a variable 3 to lOpF 
capacitor at the output of the DAC to ground. Also, probing 
the output can present a complex impedance. 

The typical performance curves of Spurious Free Dynamic 
Range vs various combinations of clock rate and/or input 
frequency should give a general idea of the spectral perfor- 
mance of the DAC under system specific clock and output 
frequencies. We have defined Spurious Free Dynamic Range 
as any harmonic or non-harmonic spurs in the indicated 
bandwidth . In phase lock loop applications, the harmonics 
often fall outside the loop bandwidth of the PLL. In these 
cases, as well as cases where the output is filtered, Spurious 



FIGURE 6. A High Speed Single Ended Amplifier at the 
Output. The Gain is -Rp/50O. 



FIGURE 7. A High Speed Differential Amplifier at the 
Output. 
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Free Dynamic Range will generally be much better due to 
the harmonics falling outside the passband. Even with a 
bandpass filter, updating the DAC at greater than 4 times per 
cycle will (1) minimize the 2nd and 3rd harmonic magni- 
tudes by having the output slew excessively between any 
successive clock and (2) will keep the (f CLK - 2f 0 ) spur and 
other even order spurs from folding back close to the 
fundamental under the condition f 0UT = l/3f CLK and (3) will 
keep the (f CLK - 3f 0 ) spur and other spurs from folding back 
close to the fundamental under the condition f 0UT = l/4f CLK . 
Making use of the high update rate of the DAC650 helps to 
lessen the problems of harmonics “folding back” into the 
passband. 


EVALUATION BOARD 

The high frequency signals used in operating the DAC650 
can cause difficult layout problems. It is especially difficult 
to build a high-performance prototype board using the 
DAC650. It is recommended that an evaluation fixture be 
used for prototyping. An evaluation fixture includes a 
DAC650 soldered to the PC board. Both grades are available 
for the evaluation fixture. 


ORDERING INFORMATION 


MODEL 

DESCRIPTION i 

DEM-DAC650J-E 
DEM-DAC650K-E 
DEM-DAC650 PDS 

Evaluation Board with DAC650JL Attatched 
Evaluation Board with DAC650KL Attatched 
Data Sheet for DAC650 Evaluation Board 



FIGURE 8. Typical DAC650 Connection Diagram. 
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Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


• ±1/2LSB MAX NONLINEARITY OVER 
TEMPERATURE 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• MICROCOMPUTER INTERFACE: 
Double-Buffered Latch 

• VOLTAGE OUTPUT: ±10V, ±5V, +10V 
With ±1 2V to +15V Supplies 

• LOW POWER DISSIPATION: 345mW typ 

• PIN COMPATIBLE WITH AD667 


DESCRIPTION 

The DAC667 is a complete monolithic integrated 
circuit microprocessor-compatible 12-bit digital-to- 
analog converter. It includes a precision voltage refer- 
ence, microcomputer interface logic, double-buffered 
latch, and a 12-bit D/A converter with a voltage output 
amplifier. Fast current switches and a laser-trimmed 
thin-film resistor network provide a highly accurate 
and fast D/A converter. 

A double-buffered latch facilitates microcomputer inter- 
facing to 4-, 8-, 12-, or 16-bit data buses. The input 
buffer latch holds the 12-bit data until it is transferred 
to an internal 12-bit D/A converter latch, giving pre- 
cise timing control over an analog output change. 

The DAC667 is specified to +1/4LSB maximum lin- 
earity error (B and K grades) at +25 °C and ±1/2LSB 
maximum over the temperature range. All grades are 
guaranteed monotonic over the specification tempera- 
ture range. The DAC667 is available in two perform- 
ance grades and in 28-pin, 0.6" wide plastic and 
ceramic DIP package types. 


+V rr Power Gnd -V FF 


Ref Out | 

LL 

Refln 

[I 

A3 

l« 

AO 

HE 

A1 

Di 

A2 

[» 

CS 



1 2-Bit D/A Converter 


1 2-Bit Parallel Latch 


~2~| 10V Span 

"Y] Summing 
.... 1 Junction 

9 | V OUT 

~5~| AGND 

S Bipolar 
OHset 


28 27 26 25 24 23 22 21 20 19 18 17 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, ±12V. +15V power supplies unless otherwise noted. 



DAC667JP 

DAC667KP 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Resolution 

Logic Levels (TTL Compatible, T M!N to T MAX )W 



12 



* 

Bits 

V| H (Logic 1) 

+2 


+5.5 

* 


* 

V 

V| L (Logic 0) 

0 


+0.8 

* 


* 

V 

Iih (VI H = 5.5V) 


3 

10 


* 

* 

pA 

Iil (V il = 0.8V) 


1 

5 


* 

* 

pA 

ACCURACY 

Linearity Error at +25°C 


±1/4 

±1/2 


±1/8 

±1/4 

LSB 

Ta = T m , n to T M ax 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Differential Linearity Error at +25°C 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Ta = T M in to T max 

Monotonicity Guaranteed 


* 


LSB 

Gain Error* 2 ) 


±0.1 

±0.2 



* 

% of FSR* 3 ) 

Unipolar Offset Error* 2 ) 


±1 

±2 



* 

LSB 

Bipolar Zero* 2 ) 


±0.05 

±0.1 



* 

% of FSR 

DRIFT 

Differential Linearity 


±2 



* 


ppm of FSR/°C 

Gain (Full Scale), T A = +25°C to T M!N or T MAX 


±5 

±30 


* 

±15 

ppm of FSR/°C 

Unipolar Offset, T A = +25°C to T M!N or T MAX 


±1 

±3 



* 

ppm of FSR/°C 

Bipolar Zero, T A = +25°C to T M , N or T MAX 


±5 

±10 



* 

ppm of FSR/°C 

CONVERSION SPEED 








Settling Time to ±0.01% of FSR for FSR Change (2k£2 || 500pF Load, C F = 0) | 







With 10kQ Feedback 


3 

4 



* 

ps 

With 5kQ Feedback 


2 

3 


* 

* 

ps 

For LSB Change 


2 



* 


ps 

Slew Rate 

8 






V/ps 

ANALOG OUTPUT 








Ranges* 4 ) 

±2.5, 

±5, ±10, +5, +10 


* 


V 

Output Current 

±5 



* 



mA 

Output Impedance (DC) 


0.05 



* 


Q . 

Short Circuit Current 



40 



* 

mA 

REFERENCE OUTPUT 

9.9 

10 

10.1 

* 

* 

* 

V 

External Current 

0.1 

1 


* 

* 


mA 

POWER SUPPLY SENSITIVITY 

V cc = +11.4 to +16.5VDC 


5 

10 


* 

* 

ppm of FS/% 

V EE = -11.4 to -16.5VDC 


5 

10 


* 

* 

ppm of FS/% 

POWER SUPPLY REQUIREMENTS 

Rated Voltages 


±12, ±15 



* 


V 

Range* 4 ) 

Supply Current 

±11.4 


±16.5 




V 

+11.4 to +16.5VDC 


14 

17 


* 

* 

mA 

-11.4 to -16.5VDC 


9 

12 


* 

* 

mA 

TEMPERATURE RANGE 

Specification 

0 


+70 

* 


* 

°C 

Operating 

-40 


+85 

* 


* 

°C 

Storage 

-65 


+125 

* 


* 

°C 


* Same as specification for DAC667JP. 

ABSOLUTE MAXIMUM RATINGS TIMING SPECIFICATIONS 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

*DC 

Data Valid to End of CS 

50 

- 


ns 

{ AC 

Address Valid to End of CS 

100 

- 


ns 

*CP 

CS Pulse Width 

100 

- 


ns 

Idh 

Data Hold Time 

0 

- 

- 

ns 

tsETT 

Output Voltage Settling Time 

- 

2 

4 

ps 

All models, T A = +25°C, V cc = +12V or +15V, V EE = - 

-12V or -15V. 



V cc to Power Ground 


0V to +18V 

V EE to Power Ground 


> 

00 

o 

> 

o 

Digital Inputs (Pins 11-15, 17-28) to Power Ground 

-IV to +7V 

Ref In to Reference Ground 


+12V 

Bipolar Offset to Reference Ground 


+12V 

10V Span Resistor to Reference Ground .... 


+12V 

20V Span Resistor to Reference Ground .... 


+24V 

Ref Out, V 0UT (Pins 6, 9) Indefinite Short to Power Ground, 

Momentary Short To V cc 

Power Dissipation 


lOOOmW 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 

® 
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ELECTRICAL (CONT) 


T a = +25°C, ±12V. ±15V power supplies unless otherwise noted. 



DAC667AH 

DAC667BH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 

Resolution 

Logic Levels (TTL Compatible, T M)N to T MAX ) (1) 



12 




Bits 

V| H (Logic 1) 

+2 


+5.5 

* 


* 

V 

V )L (Logic 0) 

+0 


+0.8 

* 


* 

V 

l 1H (V 1H = 5.5V) 


3 

10 


* 

* 

pA 

l, L (V, L = 0.8V) 


1 

5 


* 

* 

pA 

ACCURACY 

Linearity Error at +25°C 


±1/4 

±1/2 


±1/8 

±1/4 

LSB 

Ta = t min t0 T max 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Differential Linearity Error at +25°C 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

T a = T M |m to T max 

Monotonicity Guaranteed 


* 


LSB 

Gain Error* 2 ) 


±0.1 

±0.2 


* 

* 

% of FSR* 3 ) 

Unipolar Offset Error* 2 ) 


±1 

±2 


* 

* 

LSB 

Bipolar Zero* 2 ) 


±0.05 

±0.1 


* 

* 

% of FSR 

DRIFT 

Differential Linearity 


±2 



* 


ppm of FSR/°C 

Gain (Full Scale), T A = +25°C to T M , N or T MAX 


±5 

±30 


* 

±15 

ppm of FSR/°C 

Unipolar Offset, T A = +25°C to T M)N or T MAX 


±1 

±3 



* 

ppm of FSR/°C 

Bipolar Zero, T A = +25°C to T^j^ or T^ AX 


±5 

±10 



* 

ppm of FSR/°C 

CONVERSION SPEED 

Settling Time to +0.01% of FSR for FSR Change (2kQ || 500pF Load) 








With 10kQ Feedback 


3 

4 


* 

* 

ps 

With 5kQ Feedback 


2 

3 


* 

* 

ps 

For LSB Change 


2 



* 


ps 

Slew Rate 

8 



* 



V/ps 

ANALOG OUTPUT 








Ranges* 4 ) 

±2.5, ±5, ±10, +5, +10 


* 


V 

Output Current 

+5 



* 



mA 

Output Impedance (DC) 


0.05 



* 


Q. 

Short Circuit Current 



40 



* 

mA 

REFERENCE OUTPUT 

9.9 

10 

10.1 

* 

* 

* 

V 

External Current 

0.1 

1 


* 

* 


mA 

POWER SUPPLY SENSITIVITY 

V cc = +11.4 to +16.5VDC 


5 

10 


* 

* 

ppm of FS/% 

Vee = — 1 1 -4 to — 16.5VDC 


5 

10 


* 

* 

ppm of FS/% 

POWER SUPPLY REQUIREMENTS 

Rated Voltages 


±12, ±15 



• 


V 

Range* 4 ) 

Supply Current 

±11.4 


±16.5 




V 

+11.4 to +16.5VDC 


14 

17 


* 

* 

mA 

-11.4to-16.5VDC 


9 

12 


* 

* 

mA 

TEMPERATURE RANGE 

Specification 

-25 


+85 

* 


* 

°C 

Operating 

-40 


+85 

* 


* 

°C 

Storage 

-65 


+150 

* 


* 

°C 


* Same as specification for DAC667AH. 

NOTES: (1) The digital input specifications are 100% tested at +25°C and over the full temperature range. (2) Adjustable to zero. (3) FSR means full scale range 
and is 20V for ±10V range and 10V for the ±5V range. (4) ±10V full scale output can be achieved using ±11.4 supplies. 

TIMING DIAGRAMS 


Write Cycle #1 

Load first rank from Data Bus; A3 = 1 . 


r t ac ► 

A2-A0 )( 

lX 

h "" tuc * 


DB11-DB0 X 

¥ 



U-tDH 

cs 

l CP 

/ 

L 
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ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC667JP 

28-Pin Plastic DIP 

215 

DAC667KP 

28-Pin Plastic DIP 

215 

DAC667AH 

28LD Side-Brazed 
Ceramic DIP 

149 

DAC667BH 

28LD Side-Brazed 
Ceramic DIP 

149 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 



ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 
RANGE (°C) 

LINEARITY ERROR, 
max at 25°C 

GAIN TC, max 
(ppm/°C) 

DAC667JP 

Plastic DIP 

0 to +70 

±1/2LSB 

±30 

DAC667KP 

Plastic DIP 

0 to +70 

±1/4LSB 

±15 

DAC667AH 

Ceramic DIP 

-25 to +85 

±1/2LSB 

±30 

DAC667BH 

Ceramic DIP 

-25 to +85 

±1/4LSB 

±15 


DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points 
(digital inputs all ones and all zeros). DAC667 linearity error 
is specified at 11/4LSB max at +25°C for B and K grades, 
and ±1/2LSB max for A and J grades. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from a 
1LSB output change from one adjacent state to the next. A 
DLE specification of 1/2LSB means that the output step size 
can range from 1/2LSB to 3/2LSB when the digital input 
code changes from one code word to the adjacent code word. 
If the DLE is more positive than -1LSB, the D/A is said to 
be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. All 
grades of the DAC667 are monotonic over their specifica- 
tion temperature range. 

DRIFT 

Gain drift is a measure of the change in the full scale range 
(FSR) output over the specification temperature range. Gain 
drift is expressed in parts per million per degree Celsius 
(ppm/°C). 

Unipolar offset drift is measured with a data input of 
000 HE x- The D/A is configured for unipolar output. Unipolar 
offset drift is expressed in parts per million of full scale 
range per degree Celsius (ppm of FSR/°C). 


Bipolar zero drift is measured with a data input of 800 HEX . 
The D/A is configured for bipolar output. Bipolar zero drift 
is expressed in parts per million of full scale range per 
degree Celsius (ppm of FSR/°C). 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
output to settle to within an error band around its final value 
after a change in input. Three settling times are specified to 
±0.01% of full scale range (FSR): two for FSR output 
changes of 20V (10k£2 feedback) and 10V (5kQ feedback), 
and one for a 1LSB change. The 1LSB change is measured 
at the major carry (7FF HEX to 800 HEX , and 800 HEX to 
7FF hex X the input transition at which worst-case settling 
time occurs. 

OPERATION 

DAC667 is a monolithic integrated-circuit 12-bit D/A con- 
verter. It is complete with 12-bit D/A switches and ladder 
network, voltage reference, output amplifier and micro- 
processor bus interface as shown in the front-page diagram. 

INTERFACE LOGIC 

The bus interface logic of the DAC667 consists of four 
independently addressable latches in two ranks. The first 
rank consists of three four-bit input latches which can be 
loaded directly from a 4-, 8-, 12- or 16-bit microprocessor/ 
microcontroller bus. These latches hold data temporarily 
while a complete 12-bit word is assembled before loading it 
into the second rank of latches. This double buffered orga- 
nization prevents the generation of spurious analog output 
values while the complete word is being assembled. 
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All latches are level-triggered. Data present when the con- 
trol signals are logic 0 will enter the latch. When the control 
signals return to logic 1, the data is latched. A truth table for 
the control signals is presented in Table I. 








cs 

A3 

A2 

A1 

AO 

OPERATION 

1 

X 

X 

X 

X 

No Operation 

X 

1 

1 

1 

1 

No Operation 

0 

1 

1 

1 

0 

Enable Four LSBs of First Rank 

0 

1 

1 

0 

1 

Enable Four Middle Bits of First Rank 

0 

1 

o 

1 

1 

Enable Four MSBs of First Rank 

0 

0 

1 

1 

1 

Loads Second Rank from First Rank 

0 

0 

0 

0 

0 

All Latches Transparent 

X - Don’t care. j 


TABLE I. DAC667 Truth Table. 


It is permissible to enable more than one of the latches 
simultaneously. If a first rank latch is enabled coincident 
with the second rank latch, the data will reach the second 
rank correctly if the timing specifications on page 2 are met. 

LOGIC INPUT COMPATIBILITY 

The DAC667 digital inputs are TTL compatible (1 .4V switch- 
ing level) with a low leakage, high input impedance. Thus 
the inputs are suitable for being driven by any type of 5V 
logic. An equivalent circuit of a digital input is shown in 
Figure 1. 



DAC667 data inputs will float to logic 1 and control inputs 
will float to logic 0 if left open. It is recommended that any 
unused inputs be connected to power common to improve 
noise immunity. 

INPUT CODING 

The DAC667 accepts positive-true binary input codes. 

Input coding for unipolar analog output is straight binary 
(USB), where all zeros (000 HEX ) on the data inputs gives a 
zero analog output and all ones (FFF HEX ) gives an analog 
output 1LSB below full scale. 

Input coding for bipolar analog outputs is bipolar offset 
binary (BOB), where an input code of 000 HEX gives a minus 
full-scale output, an input of FFF HEX gives an output 1LSB 
below positive full scale, and zero occurs for an input code 
of 800 hex . 

The DAC667 can be used with two’s complement coding if 
a logic inverter is used ahead of the MSB input (DB1 1). 


INTERNAL/EXTERNAL REFERENCE USE 

DAC667 contains a +10V reference which is trimmed to 
typically ±0.2% and tested and guaranteed to ±1%. V REF 
OUT must be connected to V REF IN through a gain adjust 
resistor with a nominal value of 5012. A trim potentiometer 
with a nominal value of 1000 can be used to provide 
adjustment to zero gain error. If an external 10.000V 
reference is used, it may be necessary to increase the trim 
range slightly. 

The reference output may be used to drive external loads, 
sourcing up to 5mA. The load current should be constant, 
otherwise the gain (and bipolar offset, if connected) of the 
converter will vary. 

It is possible to use references other than +10V. The 
recommended range of reference voltage is from +8V to 
+11V, which allows both 8.192V and 10.24V ranges to be 
used. The DAC667 is optimized for fixed-reference appli- 
cations. If the reference voltage is expected to vary over a 
wide range, a CMOS multiplying D/A is a better choice. 

GAIN AND OFFSET ADJUSTMENTS 

Figures 2 and 3 illustrate the relationship of offset and gain 
adjustments to a unipolar- and a bipolar-connected DAC667. 
Offset should be adjusted first to avoid interaction of 
adjustments. 

Offset Adjustment 

For unipolar (USB) operation, apply the digital input code 
that should produce zero voltage output and adjust the 
offset potentiometer for zero output. For bipolar (BOB, 
BTC) operation, apply the digital input code that produces 
the maximum negative output voltage and adjust the offset 
potentiometer for minus full scale voltage. See Table II for 
calibration values and codes. 



FIGURE 2. Relationship of Offset and Gain Adjustments for 
a Unipolar D/A Converter. 
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a Bipolar D/A Converter. 


Gain Adjustment 

For either unipolar or bipolar operation, apply the digital 
input that gives the maximum positive voltage output. Ad- 
just the gain potentiometer for this positive full scale volt- 
age. See Table II for calibration values. 


DIGITAL 

| ANALOG OUTPUT \ 

INPUT 

0 to +5V 

Oto+IOV 

12.5V 

±5V 

±10V 

fff hex 

+4. 9987V 

+9.9976V 

+2.4987V 

+4. 9976V 

+9.9951 V 

800 HEX 

+2. 5000V 

+5.0000V 

0.0000V 

0.0000V 

0.0000V 

7FF hex 

+2.4987V 

+4. 9976V 

-0.0013V 

-0.0024V 

-0.0049V 

OOOhex 

0.0000V 

0.0000V 

-2.5000V 

-5.0000V 

-10.0000V 

1LSB 

1 .22mV 

2.44mV 

1 .22mV 

2.44mV 

4.88mV 


TABLE II. Calibration Values. 


SETTLING TIME 
PERFORMANCE 

The switches, reference and output amplifier of the DAC667 
are designed for optimum settling time performance (Figure 
4). Figure 4a shows the full scale range step response, V 0 uti 
- 10V to +10V to -10V, for data input 000 HEX to FFF HEX tol 
000 HEX . Figure 4b shows the settling time response at plus| 
full scale (+10V) for an output transition from -10V to 
+10V. Figure 4c shows the settling time response at minus 
full scale (-10V) for an output transition from +10V to 
-10V. Figure 4d shows the major carry glitch response for 
input code transitions 7FF HEX to 800 HEX and for 800 HEX to 
7FF HEX . 

Unlike the Analog Devices AD667, the Burr-Brown DAC667 
does not require an external capacitor (C f = 20pF) across 
R SP an to eliminate overshoot. Using the 20pF with the Burr- 
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Brown DAC667 increases the settling time about one micro- 
second. The DAC667 settling time is specified at 7ps maxi- 
mum. The AD667 is specified at 4ps maximum. 

INSTALLATION 

POWER SUPPLY CONNECTIONS 

Note that the metal lid of the ceramic-packaged DAC667 is 
connected to -V EE . Take care to avoid accidental short 
circuits in tightly spaced installations. 

Power supply decoupling capacitors should be added as 
shown in Figure 5. Best settling performance occurs using a 
l|iF to lOpF tantalum capacitor at _V EE- Applications with 
less critical settling time may be able to use 0.0 lpF at ~V EE 
as well as at +V CC . The capacitors should be located close to 
the DAC667 package. 

DAC667 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. It is recommended that both power 
ground (pin 16) and analog ground (AGND, pin 5) be 
connected directly to a ground plane under the package. If a 
ground plane is not used, connect the AGND and power 
ground pins together close to the package. Since the refer- 
ence point for V 0 ut an d V REF 0 ut * s the AGND pin, it is also 
important to connect the load directly to the AGND pin. 

The change in current in the AGND pin due to an input data 
word change from 000 HEX to FFF HEX is only 1mA. 


OUTPUT VOLTAGE SWING 
AND RANGE CONNECTIONS 

The DAC667 output amplifier can provide ±10V output 
swing while operating on ± 11.4V supplies. The Analog 
Devices AD667 requires a minimum of ± 12.5V to achieve 
an output swing of ±10V. 

Internal scaling resistors provided in the DAC667 may be 
connected to produce bipolar output voltage ranges of +10V, 
±5 V or ±2.5 V or unipolar output voltage ranges of 0 to +5 V 
or 0 to +10V. Refer to Figures 6, 7 and 8. Connections for 
various output ranges are shown in Table III. 

The internal feedback resistors (5k£2) and the bipolar offset 
resistor (9.95k£2) are trimmed to an absolute tolerance of 
about ±10%. 



AAA I T 1 Bipolar 


1 1 Offset 

Summing 9.95kfl 

Junction 10V Span 

S 5kQ S 5kft 

. 1 AAA 1 AAA m _ 

w V 

V V V \ 1 * £UV 

'dac 

[ 

v OUT 

|5j AGND 


FIGURE 6. Output Amplifier Voltage Range Scaling Circuit. 
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OUTPUT 

RANGE 

DIGITAL 

INPUT CODES 

CONNECT 

PIN 9 TO 

CONNECT 

PIN 1 TO 

CONNECT 

PIN 2 TO 

CONNECT PIN 4 TO 

±10V 

Offset Binary 

1 

9 

NC 

6 (Through 50Q fixed or 100£2 trim resistor.) 

±5V 

Offset Binary 

1 and 2 

2 and 9 

1 and 9 

6 (Through 50Q fixed or 1 00Q trim resistor.) 

+2.5V 

Offset Binary 

2 

3 

9 

6 (Through 50Q fixed or 100Q trim resistor.) 

Oto+IOV 

Straight Binary 

1 and 2 

2 and 9 

1 and 9 

5 (Or optional trim. See Figure 7.) 

0 to +5V 

Straight Binary 

2 

3 

9 

5 (Or optional trim. See Figure 7.) 


TABLE III. Output Voltage Range Connections. 



FIGURE 7. 0 to +10V Unipolar Voltage Output. 



MICROCOMPUTER 
BUS INTERFACING 

8-BIT BUS INTERFACE 

The DAC667 interfaces easily to 8-bit microprocessor sys- 
tems of all types. The control logic makes possible the use 
of right- or left-justified data formats. Data formats for 8-bit 
buses are illustrated in Figure 9. 


DB1 1 

DB10 

DB9 



DB8 

DB7 

DB6 

DB5 

DB4 


DB3 

DB2 

DB1 

DBO 

X 

X 

X 

X 

(a) Left-Justified 

X 

X 

X 

X 

DB1 1 

DB10 

DB9 

DB8 


DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 


(b) Right-Justified 


FIGURE 9. 12-Bit Data Formats for 8-Bit Systems. 

Whenever a 12-bit D/A is loaded from an 8-bit bus, two 
bytes are required. If the software program considers the 
data to be a 12-bit binary fraction (between 0 and 4095/ 
4096), the data is left-justified, with the eight most signifi- 
cant bits in one byte and the remaining bits in the upper half 
of another byte. Right-justified data calls for the eight least 
significant bits to occupy one byte, with the four most 
significant bits residing in the lower half of another byte, 
simplifying integer arithmetic. 

Figure 10 shows an addressing scheme for use with a DAC- 
667 set up for left-justified data in an 8-bit system. The base 
address is decoded from the high-order address bits and the 
resultant active-low signal is applied to CS. The two LSBs 
of the address bus are connected as shown to the DAC667 
address inputs. The latches now reside in two consecutive 
locations, with location X01 loading the four LSBs and 
location X10 loading the eight MSBs and updating the output. 
Right-justified data can also be accommodated as shown in 
Figure 11. The DAC667 still occupies two adjacent loca- 
tions in the processor’s memory map. Location X01 loads 
the eight LSBs and location X10 loads the four MSBs and 
updates the output. 

12- AND 16-BIT BUS INTERFACES 

For operation with 12- and 16-bit buses, all four address 
lines (AO through A3) are connected to logic 0, and the latch 
is enabled by CS asserted low. The DAC667 thus occupies 
a single memory location. 

This configuration uses the first and second rank registers 
simultaneously. The CS input can be driven from an active- 
low decoded address. It should_be noted that any data bus 
activity during the period when CS is low will cause activity 
at the D AC667 output. If data is not guaranteed stable during 
this period, the second rank register can be used to provide 
double buffering. See Figure 12. 
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FIGURE 1 1 . Right-Justified 8-Bit Bus Interface. 
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BURR - BROWN® 



DAC700/702 

DAC701/703 




Monolithic 16-Bit 

DIGITAL-TO-ANALOG CONVERTERS 


FEATURES 


V OUT AND l 0UT MODELS 


• HIGH ACCURACY: 

Linearity Error ±0.0015% of FSR max 
Differential Linearity Error +0.003% of FSR 


• PIN-COMPATIBLE WITH DAC70, DAC71 , 
DAC72 

• DUAL-IN-LINE PLASTIC AND HERMETIC 
CERAMIC AND SOIC 


• MONOTONIC (at 15 bits) OVER FULL 
SPECIFICATION TEMPERATURE RANGE 


DESCRIPTION 

The DAC70X family comprise of complete 16-bit 
digital-to-analog converters that includes a precision 
buried-zener voltage reference and a low-noise, fast- 
settling output operational amplifier (voltage output 
models), all on one small monolithic chip. A combina- 
tion of current-switch design techniques accomplishes 
not only 15 -bit monotonicity over the entire specified 
temperature range, but also a maximum end-point 
linearity error of ±0.0015% of full-scale range. Total 
full-scale gain drift is limited to ±10ppm/°C maximum 
(LH and CH grades). 


Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, 54/74C- and 54/74HC-compatible 
over the entire temperature range. Outputs of 0 to 
+10V, ±10V, 0 to -2mA, and ±lmA are available. 

These D/A converters are packaged in hermetic 24-pin 
ceramic side-brazed or molded plastic. The DlP-pack- 
aged parts are pin-compatible with the voltage and 
current output DAC71 and DAC72 model families. 
The DAC700 and DAC702 are also pin-compatible 
with the DAC70 model family. In addition, the 
DAC703 is offered in a 24-pin SOIC package for 
surface mount applications. 


Reference 

Circuit 


Reference Output 


i Voltage Models 
! Only 


Summing Junction 
Output 


Gain Adjust 
+v cc 
-V cc 
V DD 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C and rated power supplies unless otherwise noted. 


MODEL 

DAC702/703J, D 

DAC700/701 /702/703K 

D AC700/701 /702/703B, S 

DAC700/701 /702/703L, C 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT | 


DIGITAL INPUT 

Resolution 

Digital Inputs (1> 



16 



* 



* 




Bits 

V IH 

+2.4 


+V cc 

* 


* 

* 


* 

* 


* 

V 

V 1L 

-1.0 


+0.8 

* 


* 

* 


* 

* 


* 

V 

l,H. V( = +2.7V 



+40 



* 



* 



* 

pA 

l |L , V, = +0.4V 


-0.35 

-0.5 


* 

* 


* 

* 


* 

* 

mA 

TRANSFER CHARACTERISTICS | 

ACCURACY* 2 ) 

Linearity Error* 4 ’ 

Differential Linearity 


±0.0015 

±0.006 


* 

±0.003 


* 

* 


±0.00075 

±0.0015 

% of FSR< 3 > 

Error* 4 ’ 

Differential Linearity 


±0.003 

±0.012 



±0.006 





±0.0015 

±0.003 

% of FSR 

Error at Bipolar Zero 
(DAC702/703)* 4 ’ 





±0.003 

±0.006 


±0.0015 

±0.003 


* 

* 

% of FSR 

Gain Error* 5 ) 


±0.07 

±0.30 


* 

±0.15 


±0.05 

±0.10 


* 

* 

% 

Zero Error* 5 ’ 6 ’ 

Monotonicity Over Spec. 


±0.05 

±0.10 










% of FSR 

Temp Range 

13 



14 



* 



15 



Bits 

DRIFT (over specification 
temperature range) 

Total Error Over 














Temperature Range 
(all models)* 7 ’ 


±0.08 



* 

±0.15 


±0.05 

±0.10 


* 

* 

% of FSR 

Total Full Scale Drift: 














DAC700/701 


±10 



* 

±30 


±8.5 

±18 


±6 

±13 

ppm of FSR/°C 

DAC702/703 


±10 



* 

±25 


±7 

±15 


* 

* 

ppm of FSR/°C 

Gain Drift (all models) 

Zero Drift: 


±10 

±30 



±25 


±7 

±15 


±5 

±10 

ppm/°C 

DAC700/701 





±2.5 

±5 


±1.5 

±3 


* 

* 

ppm of FSR/°C 

DAC702/703 

Differential Linearity 


±5 

±15 



±12 


±4 

±10 


±2.5 

±5 

ppm of FSR/°C 

Over Temp.* 4 ’ 



±0.012 



+0.009, 



* 



+0.006, 

% of FSR 







-0.006 






-0.003 


Linearity Error 

Over Temp.< 4) 



±0.012 



±0.006 



* 



±0.003 

% of FSR 

SETTLING TIME (to 

±0.003% of FSR)< 8) 
DAC701/703 (V 0UT Models) 














Full Scale Step, 2kQ Load 

4 



* 

8 


* 

* 


* 

* 

ps 

1LSB Step at 

Worst-Case Code* 9 ’ 


2.5 



* 



* 



* 


M-S 

Slew Rate 


10 



* 



* 



* 


V/ps 

DAC700/702 (l OUT Models) 
Full Scale Step (2mA), 














10 to 100fl Load 


350 



* 

1000 


* 

* 


* 

* 

ns 

1 kO Load 


1 



* 

3 



* 


* 

* 

ps 

OUTPUT j 

VOLTAGE OUTPUT 
MODELS 

DAC701 (CSB Code) 





Oto +10 








V 

DAC703 (COB Code) 


±10 



* 



* 





V 

Output Current 

±5 






* 



* 



mA 

Output Impedance 

Short Circuit to 


0.15 











Q 

Common Duration 


Indefinite 



* 



* 



* 



CURRENT OUTPUT 
MODELS 

DAC700 (CSB Code)* 1 ®) 





Oto -2 



* 



* 


mA 

Output Impedance* 10 ) 





4 



* 



* 


kQ 

DAC702 (COB Code)* 10 ’ 


±1 



* 



* 



* 


mA 

Output Impedance* 10 ’ 


2.45 



* 



* 



* 


kfl 

Compliance Voltage 


±2.5 



* 



* 





V 
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MODEL 

DAC702/703J, D 

D AC700/701 /702/703K 

D AC700/701 /702/703B, S 

DAC700/701 /702/703L, C 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

REFERENCE VOLTAGE 

Voltage 

Source Current Available 


+6.3 


+6.0 

+6.3 

+6.6 

+6.24 

+6.3 

+6.36 

* 

* 

* 

V 

for External Loads 


+2.5 


+1.5 

* 



* 


* 



mA 

Temperature Coefficient 
Short Circuit to Common 


±10 



' 

±25 



±15 




ppm/°C 

Duration 


Indefinite 



* 



* 



* 



POWER SUPPLY REQUIREMENTS | 

Voltage: +V CC 

13.5 

15 

16.5 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

-V cc 

13.5 

15 

16.5 

* 

* 

* 

* 

* 

* 

* 


* 

V 

V D0 

+4.5 

+5 

+16.5 

* 

* 

* 

* 

* 

* 

* 


* 

V 

Current (No Load): 
DAC700/702 














(lour Models) 














+v cc 


+10 

+25 


* 

* 


* 

* 


* 

* 

mA 

"Vcc 


-13 

-25 


* 

* 


* 

* 


* 

* 

mA 

v DD 


+4 

+8 


* 

* 


* 

* 


* 

* 

mA 

DAC701/703 














(V OUT Models) 














+v cc 


+16 

+30 


* 

* 


* 

* 


* 

* 

mA 

-V cc 


-18 

-30 


* 

* 


* 

* 


* 

* 

mA 

v DD 

Power Dissipation: 


+4 

+8 










mA 

(V DD = +5.0V) (11) 














DAC700/702 


365 



* 

790 


* 

630 


* 

* 

mW 

DAC701/703 


530 



* 

940 


* 

780 


* 

* 

mW 

Power Supply Rejection: 














+ v cc 


±0.0015 

±0.006 


* 

* 


* 

±0.003 


* 

* 

% of FSR/%V CC 

-V cc 


±0.0015 

±0.006 


* 

* 


* 

±0.003 


* 

* 

% of FSR/%V CC 

v DD 


±0.0001 

±0.001 


* 

* 


* 

* 


* 

* 

% of FSR/%V DD 

TEMPERATURE RANGE j 

Specification: 














B, C Grades 







-25 


+85 

* 


* 

°C 

S Grades 







-55 


+125 




°C 

J, K, L Grades 

0 


+70 

* 


* 




0 


+70 

°C 

Storage: Ceramic 




-60 


+150 

* 


* 

* 


* 

°C 

Plastic, SOIC 

-60 


+100 

* 


* 







°c 


* Specification same as model to the left. 


NOTES: ( 1 ) Digital inputs are TTL, LSTTL, 54/74C, 54/74HC, and 54/74HT C compatible over the operating voltage range of V DD = +5V to +1 5V and over the specified temperature 
range. The input switching threshold remains at the TTL threshold of 1 .4V over the supply range of V DD = +5V to +1 5V. As logic “0” and logic “1 ” inputs vary over OV to +0.8V 
and +2.4V to +1 OV respectively, the change in the D/A converter output voltage will not exceed ±0.001 5% of FSR for the LH and CH grades, ±0.003% of FSR for the BH grade 
and ±0.006% of FSR for the KG grade. (2) DAC700 and DAC702 (current-output models) are specified and tested with an external output operational amplifier connected using 
the internal feedback resistor in all parameters except settling time. (3) FSR means full-scale range and is 20V for the ±10V range (DAC703), 10V for the 0 to +10V range 
(DAC701 ). FSR is 2mA for the ±1 mA range (DAC702) and the 0 to +2mA range (DAC700). (4) ±0.001 5% of full-scale range is equivalent to 1 LSB in 1 5-bit resolution. ±0.003% 
of full-scale range is equivalent to 1LSB in 14-bit resolution. ±0.006% of full-scale range is equivalent to 1LSB in 13-bit resolution. (5) Adjustable to zero with external trim 
potentiometer. Adjusting the gain potentiometer rotates the transfer function around the zero point. (6) Error at input code FFFF H for DAC700 and DAC701 , 7FFF H for DAC702 
and DAC703. (7) With gain and zero errors adjusted to zero at +25°C. (8) Maximum represents the 3o limit. Not 1 00% tested for this parameter. (9) At the major carry, 7FFF H 
to 8000 h and 8000 H to 7FFF H . (1 0) Tolerance on output impedance and output current is ±30%. (1 1 ) Power dissipation is an additional 40mW when V DD is operated at +15V. 


ABSOLUTE MAXIMUM RATINGS 


+V CC to Common 0V, +18V 

-V cc to Common 7 0V, -18V 

V DD to Common 0V, +18V 

Digital Data Inputs to Common -IV, +18V 

Reference Out to Common Indefinite Short to Common 

External Voltage Applied to R F (DAC700/702) ±18V 


External Voltage Applied to D/A Output (DAC701/703) -5V to +5V 


V OUT (DAC701/703) Indefinite Short to Common 

Power Dissipation 1W 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) 300°C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum condi- 
tions for extended periods may affect device reliability. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes no 
responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change without notice. 
No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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DICE INFORMATION 



PAD 

FUNCTION 

PAD 

FUNCTION 

1 

Bit 1 (MSB) Input 

16 

Bit 15 Input 

2 

Bit 2 Input 

17 

Bit 16 Input 

3 

Bit 3 Input 

18 

R fb -1 OkQ 

4 

Bit 4 Input 

19 

No Connection 

5 

Bit 5 Input 

20 

R fb -10kQ 

6 

Bit 6 Input 

21 

+5V Supply 

7 

Bit 7 Input 

22 

Digital Ground 

8 

Bit 8 Input 

23 

Analog Ground 

9 

Bit 9 Input 

24 

Current Output 

10 

Bit 10 Input 

25 

Bipolar Offset 

11 

Bit 1 1 Input 

26 

Gain Adjust 

12 

Bit 12 Input 

27 

+15V Supply 

13 

-15V Supply 

28 

Reference Output 

14 

Bit 13 Input 

29 

-15V Supply 

15 

Bit 14 Input 

30 

Zener Test Point 
Do Not Use 



Substrate Bias: -V rf 


4 5 6 7 8 9 1C 

DAC702KD DIE TOPOGRAPHY 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

153 x 120 

3.89 x 3.05 

Die Thickness 

20 Mils 

0.5 

Min. Pad Size 

4x4 

0.1 x 0.1 

Metalization 


Aluminum 



PAD 

FUNCTION 

PAD 

FUNCTION 

1 

Bit 1 (MSB) Input 

16 

Bit 1 5 Input 

2 

Bit 2 Input 

17 

Bit 16 Input 

3 

Bit 3 Input 

18 

R FB -10kQ 

4 

Bit 4 Input 

19 

Voltage Output 

5 

Bit 5 Input 

20 

R fb -lOkfl 

6 

Bit 6 Input 

21 

+5V Supply 

7 

Bit 7 Input 

22 

Digital Ground 

8 

Bit 8 Input 

23 

Analog Ground 

9 

Bit 9 Input 

24 

Current Output 

10 

Bit 1 0 Input 

25 

Bipolar Offset 

11 

Bit 1 1 Input 

26 

Gain Adjust 

12 

Bit 1 2 Input 

27 

+1 5V Supply 

13 

-15V Supply 

28 

Reference Output 

14 

Bit 1 3 Input 

29 

-15V Supply 

15 

Bit 14 Input 

30 

Zener Test Point 

Do Not Use 


Substrate Bias: 


MECHANICAL INFORMATION 

! ™ I MILS (0.001") I MILLIMETERS 


Die Size 

153 x 120 

3.89 x 3.05 

Die Thickness 

20 Mils 

0.5 

Min. Pad Size 

4x4 

0.1 x 0.1 

Metalization 


Aluminum 
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CONNECTION DIAGRAMS 


Digital 

Inputs 



PIN ASSIGNMENTS 


PACKAGE INFORMATIONS) 



ALL PACKAGES | 

PIN# 

DAC700/702 

DAC701/703 

1 

Bit 1 (MSB) 

Bit 1 (MSB) 

2 

Bit 2 

Bit 2 

3 

Bit 3 

Bit 3 

4 

Bit 4 

Bit 4 

5 

Bit 5 

Bit5 

6 

Bit 6 

Bit 6 

7 

Bit 7 

Bit 7 

8 

Bit 8 

Bit 8 

9 

Bit 9 

Bit 9 

10 

Bit 10 

Bit 10 

11 

Bit 11 

Bit 11 

12 

Bit 12 

Bit 12 

13 

Bit 13 

Bit 13 

14 

Bit 14 

Bit 14 

15 

Bit 15 

Bit 15 

16 

Bit 16 (LSB) 

Bit 16 (LSB) 

17 

R 

"^FEEDBACK 

Voux 

18 

v DD 

V DD 

19 

-V CC 

-V C c 

20 

Common 

Common 

21 

'out 

Summing Junction (Zero Adjust) 

22 

Gain Adjust 

Gain Adjust 

23 

+V CC 

+V CC 

24 

+6.3V Reference Output 

+6.3V Reference Output 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC702JP 

24-Pin Plastic DIP 

167 

DAC703JP 

24-Pin Plastic DIP 

167 

DAC702KP 

24-Pin Plastic DIP 

167 

DAC703KP 

24-Pin Plastic DIP 

167 

DAC700KH 

24-Pin Ceramic DIP 

165 

DAC701KH 

24-Pin Ceramic DIP 

165 

DAC702KH 

24-Pin Ceramic DIP 

165 

DAC703KH 

24-Pin Ceramic DIP 

165 

DAC700BH 

24-Pin Ceramic DIP 

165 

DAC701BH 

24-Pin Ceramic DIP 

165 

DAC702BH 

24-Pin Ceramic DIP 

165 

DAC703BH 

24-Pin Ceramic DIP 

165 

DAC700LH 

24-Pin Ceramic DIP 

165 

DAC701 LH 

24-Pin Ceramic DIP 

165 

DAC702LH 

24-Pin Ceramic DIP 

165 

DAC703LH 

24-Pin Ceramic DIP 

165 

DAC700CH 

24-Pin Ceramic DIP 

165 

DAC701CH 

24-Pin Ceramic DIP 

165 

DAC702CH 

24-Pin Ceramic DIP 

165 

DAC703CH 

24-Pin Ceramic DIP 

165 

DAC702SH 

24-Pin Ceramic DIP 

165 

DAC703SH 

24-Pin Ceramic DIP 

165 

DAC703JU 

24-Pin SOIC 

239 

DAC703KU 

24-Pin SOIC 

239 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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ORDERING INFORMATION 


MODEL 

PACKAGE 

OUTPUT 

CONFIGURATION 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR, MAX 
AT +25°C 
(% of FSR) 

GAIN 

DRIFT 

MAX 

(ppm/°C) 

DAC702JP, DAC703JP 

Plastic DIP 

±1mA, ±10V 

0°C to +70°C 

±0.006 

±30 

DAC702KP, DAC703KP 

Plastic DIP 

±1mA, ±10V 

0°C to +70°C 

±0.003 

±25 

DAC700KH, DAC701KH 

Ceramic DIP 

0 to -2mA, 0 to +10V 

0°C to +70°C 

±0.003 

±25 

DAC702KH, DAC703KH 

Ceramic DIP 

±1mA, ±10V 

0°C to +70°C 

±0.003 

±25 

DAC700BH, DAC701BH 

Ceramic DIP 

0 to -2mA, 0 to +10V 

— 25°C to +85°C 

±0.003 

±15 

DAC702BH, DAC703BH 

Ceramic DIP 

±1mA, ±10V 

-25°C to +85°C 

±0.003 

±15 

DAC700LH, DAC701LH 

Ceramic DIP 

0 to -2mA, 0 to +10V 

0°C to +70°C 

±0.0015 

±10 

DAC700CH, DAC701CH 

Ceramic DIP 

0 to -2mA, 0 to +10V 

-25°C to +85°C 

±0.0015 

±10 

DAC700SH, DAC701SH 

Ceramic DIP 

0 to -2mA, 0 to +10V 

-55°C to +1 25°C 

±0.003 

±15 

DAC702LH, DAC703LH 

Ceramic DIP 

±1mA, +10V 

0°C to +70°C 

±0.0015 

±10 

DAC702CH, DAC703CH 

Ceramic DIP 

±1mA, ±10V 

-25°C to +85°C 

±0.0015 

±10 

DAC702SH, DAC703SH 

Ceramic DIP 

±1mA,±10V 

-55°C to +1 25°C 

±0.003 

±15 

DAC703JU 

Plastic SOIC 

±10V 

0°C to +70°C 

±0.006 

±30 

DAC703KU 

Plastic SOIC 

±10V 

0°C to +70°C 

±0.003 

±25 


DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC700/701/702/703 accept complementary digi- 
tal input codes in either binary format (CSB, unipolar 
or COB, bipolar). The COB models DAC702/703 may 
be connected by the user for either complementary 
offset binary (COB) or complementary two’s comple- 
ment (CTC) codes (see Table I). 


DIGITAL 

INPUT 

CODES 

ANALOG OUTPUT | 

DAC700/701 
Complementary 
Straight Binary 
(CSB) 

DAC702/703 
Complementary 
Offset Binary 
(COB) 

DAC702/703 
Complementary 
Two’s Complement 
(CTC)* 

oooo H 

+ Full Scale 

+ Full Scale 

-1LSB 

7FFF H 

+1/2 Full Scale 

Bipolar Zero 

- Full Scale 

8000 h 

+1/2 Full Scale 

-1LSB 

+ Full Scale 


-1LSB 



FFFFh 

Zero 

- Full Scale 

Bipolar Zero 


* Invert the MSB of the COB code with an external inverter to obtain CTC 
code. 


TABLE I. Digital Input Codes. 

ACCURACY 

Linearity 

This specification describes one of the most important mea- 
sures of performance of a D/A converter. Linearity error is 
the deviation of the analog output from a straight line drawn 
through the end points (all bits ON point and all bits OFF 
point). 

Differential Linearity Error 

Differential linearity error (DLE) of a D/A converter is the 
deviation from an ideal 1LSB change in the output from one 
adjacent output state to the next. A differential linearity error 
specification of +1/2LSB means that the output step sizes 
can be between 1/2LSB and 3/2LSB when the input changes 
from one adjacent input state to the next. A negative DLE 
specification of no more than -1LSB (-0.006% for 14-bit 
resolution) insures monotonicity. 


Monotonicity 

Monotonicity assures that the analog output will increase or 
remain the same for increasing input digital codes. The 
DAC700/70 1/702/703 are specified to be monotonic to 14 
bits over the entire specification temperature range. 

DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppm/°C). Gain drift is established by: (1) 
testing the end point differences for each D/A at t MIN , +25°C 
and t MAX ; (2) calculating the gain error with respect to the 
+25°C value; and (3) dividing by the temperature change. 

Zero Drift 

Zero drift is a measure of the change in the output with 
FFFF h (DAC700 and DAC701) applied to the digital inputs 
over the specified temperature range. For the bipolar models, 
zero is measured at 7FFF H (bipolar zero) applied to the 
digital inputs. This code corresponds to zero volts (DAC703) 
or zero milliamps (DAC702) at the analog output. The 
maximum change in offset at t MIN or t MAX is referenced to the 
zero error at +25 °C and is divided by the temperature 
change. This drift is expressed in parts per million of full 
scale range per degree centigrade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its final 
value after a change in digital input. Refer to Figure 1 for 
typical values for this family of products. 

Voltage Output 

Settling times are specified to ±0.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (DAC703) or 10V (DAC701) and a 1LSB 
change at the “major carry,” the point at which the worst- 
case settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to the 
next). 
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Current Output 

Settling times are specified to ±0.003% of FSR for a full- 
scale range change for two output load conditions: one for 
10£2 to 100£2 and one for 1000£2. It is specified this way 
because the output RC time constant becomes the dominant 
factor in determining settling time for large resistive loads. 



FIGURE 1. Final- Value Error Band vs Full-Scale Range 
Settling Time. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output models. It 
is the maximum voltage swing allowed on the output current 
pin while still being able to maintain specified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is defined as a percent of FSR change in the output 
per percent of change in either the positive supply (+V CC ), 
negative supply (-V cc ) or logic supply (V DD ) about the 
nominal power supply voltages (see Figure 2). 

It is specified for DC or low frequency changes. The typical 
performance curve in Figure 2 shows the effect of high 
frequency changes in power supply voltages. 



FIGURE 2. Power Supply Rejection vs Power Supply Ripple 
Frequency. 
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REFERENCE SUPPLY 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage, available to the user, has a tolerance of 
±5% (KH models) and ±1% (BH models). A minimum of 
1.5mA is available for external loads. Since the output 
impedance of the reference output is typically 1W, the 
external load should remain constant. 

If a varying load is to be driven by the reference supply, an 
external buffer amplifier is recommended to drive the load 
in order to isolate the bipolar offset (connected internally to 
the reference) from load variations. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS | 

For optimum performance and noise rejection, power supply* 
decoupling capacitors should be added as shown in the 
Connection Diagram. lpF tantalum capacitors should be 
located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external zero 
and gain potentiometers. Connect these potentiometers as 
shown in the Connection Diagram and adjust as described 
below. TCR of the potentiometers should be 100ppm/°C or 
less. The 3.9M£i and 270k£2 resistors (±20% carbon or 
better) should be located close to the D/A converter to 
prevent noise pickup. If it is not convenient to use these 
high-value resistors, an equivalent “T” network, as shown in 
Figure 3, may be substituted in place of the 3.9M£2 part. A 
0.00 lpF to 0.0 lpF ceramic capacitor should be connected 
from Gain Adjust to Common to prevent noise pickup. Refer 
to Figures 4 and 5 for the relationship of zero and gain 
adjustments to unipolar and bipolar D/A converters. 



FIGURE 3. Equivalent Resistances. 



FIGURE 4. Relationship of Zero and Gain Adjustments for 
Unipolar D/A Converters, DAC700 and DAC701. 


Burr-Brown IC Data Book-Data Conversion Products 


3.61 


IGITAL-TO- ANALOG CONVERTERS Q DAC700/01/02/03 






For Immediate Assistance, Contact Your Local Salesperson 



FIGURE 5. Relationship of Zero and Gain Adjustments for 
Bipolar D/A Converters, DAC702 and DAC703. 

Zero Adjustment 

For unipolar (CSB) configurations, apply the digital input 
code that produces zero voltage or zero current output and 
adjust the zero potentiometer for zero output. 

For bipolar (COB, CTC) configurations, apply the digital 
input code that produces zero output voltage or current. See 
Table II for corresponding codes and the Connection Dia- 
gram for zero adjustment circuit connections. Zero calibra- 
tion should be made before gain calibration. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this posi- 
tive full scale voltage. See Table II for positive full scale 
voltages and the Connection Diagram for gain adjustment 
circuit connections. 

INSTALLATION 

CONSIDERATIONS 

This D/A converter family is laser-trimmed to 14-bit linear- 
ity. The design of the device makes the 16-bit resolution 
available. If 16-bit resolution is not required, bit 15 and bit 
16 should be connected to V DD through a single IkQ resistor. 

Due to the extremely high resolution and linearity of the D/ 
A converter, system design problems such as grounding and 
contact resistance become very important. For a 16-bit 
converter with a 10V full-scale range, 1LSB is 153p,V. With 
a load current of 5mA, series wiring and connector resis- 
tance of only 30mQ will cause the output to be in error by 
1LSB. To understand what this means in terms of a system 
layout, the resistance of #23 wire is about 0.021Q/ft. Ne- 
glecting contact resistance, less than 18 inches of wire will 
produce a 1LSB error in the analog output voltage! 


In Figures 6, 7, and 8, lead and contact resistances are 
represented by R } through R 5 . As long as the load resistance 
Rj is constant, R 2 simply introduces a gain error and can be 
removed during initial calibration. R 3 is part of R L , if the 
output voltage is sensed at Common, and therefore intro- 
duces no error. If R L is variable, then R 2 should be less than 
R l Mif/2 16 to reduce voltage drops due to wiring to less than 
1LSB. For example, if R LMIN is 5kQ, then R 2 should be less 
than 0.080. R L should be located as close as possible to the 
D/A converter for optimum performance. The effect of R 4 is 
negligible. 

In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at the 
system ground point is permissible with the DAC700 family 
because the D/A converter is designed to have a constant 
return current of approximately 2mA flowing from Com- 
mon. The variation in this current is under 20pA (with 
changing input codes), therefore R 4 can be as large as 30 
without adversely affecting the linearity of the D/A con- 
verter. The voltage drop across R 4 (R 4 X 2mA) appears as a 
zero error and can be removed with the zero calibration 
adjustment. This alternate sensing point (the system ground 
point) is shown in Figures 6, 7, and 8. 

Figures 7 and 8 show two methods of connecting the current 
output models (DAC700 or DAC702) with external preci- 
sion output op amps. By sensing the output voltage at the 
load resistor (ie, by connecting R p to the output of A } at R L ), 
the effect of R 1 and R 2 is greatly reduced. R t will cause a 
gain error but is independent of the value of R L and can be 
eliminated by initial calibration adjustments. The effect of 
R 2 is negligible because it is inside the feedback loop of the 
output op amp and is therefore greatly reduced by the loop 
gain. 



FIGURE 6. Output Circuit for Voltage Models. 
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VOLTAGE OUTPUT MODELS | 

DIGITAL INPUT CODE 

ANALOG OUTPUT | 

DAC701 UNIPOLAR 

DAC703 BIPOLAR | 

16-BIT 

15-BIT 

14-BIT 

16-BIT 

15-BIT 

14-BIT 

1LSB (pV) 
0000 H (V) 
FFFF h (V) 

153 

+9.99985 

0 

305 

+9.99969 

0 

610 

+9.99939 

0 

305 

+9.99960 

-10.0000 

610 

+9.99939 

-10.0000 

1224 

+9.99878 

-10.0000 

ANALOG OUTPUT MODELS | 

DIGITAL INPUT CODE 

ANALOG OUTPUT | 

DAC700 UNIPOLAR 

DAC702 BIPOLAR ] 

16-BIT 

15-BIT 

14-BIT 

16-BIT 

15-BIT 

14-BIT 

1LSB (pA) 

0000 H (mA) 

FFFF h (mA) 

0.031 
-1 .99997 

0 

0.061 

-1.99994 

0 

0.122 

-1.99988 

0 

0.031 

-0.99997 

+1.00000 

0.061 

-0.99994 

+1.00000 

0.122 

-0.99988 

+1.00000 


TABLE II. Digital Input and Analog Output Relationships. 


If the output cannot be sensed at Common or the sytem 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit the 
output voltage is sensed at the load common and not at the 
D/A converter common as in the previous circuits. The value 
of R 6 and R 7 must be adjusted for maximum common-mode 
rejection at R, . Note that if R 3 is negligible, the circuit of 
Figure 8 can be reduced to the one shown in Figure 7. Again 
the effect of R 4 is negligible. 


The D/A converter and the wiring to its connectors should be 
located to provide optimum isolation from sources of RFI 
and EMI. The key concept in elimination of RF radiation or 
pickup is loop area; therefore, signal leads and their return 
conductors should be kept close together. This reduces the 
external magnetic field along with any radiation. Also, if a 
single lead and its return conductor are wired close together, 
they present a small flux-capture cross section for any 
external field. This reduces radiation pickup in the circuit. 


DAC700/DAC702 



Alternate Ground 
Sense Connection 


Sense Output 


V pF ■ 

/ COM 

.T- 

\ 


\ 

System Ground 
Point +v ( 

+= r lMF 

COM 1 


+5VDC 

Supply 



Rb 

r f 

r dac 

DAC702 

D AC 700 

2.45kQ 

4kQ 

10k£2 

5k Q 

2.45kQ 

4kQ 


4 R b should be equal to the output impedance at the current output 
to compensate for the bias current drift of A,. Use standard 10%, 
1/4W carbon composition or equivalent resistors. 


FIGURE 7. Preferred External Op Amp Configuration. 


DAC700/DAC702 



FIGURE 8. Differential Sensing Output Op Amp Configura- 
tion. 
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APPLICATIONS 

DRIVING AN EXTERNAL OP AMP 
WITH CURRENT OUTPUT D/AS 

DAC700 and DAC702 are current output devices and will 
drive the summing junction of an op amp to produce an 
output voltage as shown in Figure 9. Use of the internal 
feedback resistor is required to obtain specified gain accu- 
racy and low gain drift. 

DAC700 or DAC702 can be scaled for any desired voltage 
range with an external feedback resistor, but at the expense 
of increased drifts of up to ±50ppm/°C. The resistors in the 



FIGURE 9. External Op Amp Using Internal Feedback 
Resistors. 



FIGURE 11. External Op Amp Using External Feedback 
Resistors. 


DAC700 and DAC702 ratio track to ±lppm/°C but their 
absolute TCR may be as high as ±50ppm/°C. 

An alternative method of scaling the output voltage of the 
D/A converter and preserving the low gain drift is shown in 
Figure 10. 

OUTPUTS LARGER THAN 20V RANGE 

For output voltage ranges larger than ±10V, a high voltage 
op amp may be employed with an external feedback resistor. 
Use I OUT values of ±lmA for bipolar voltage ranges and - 
2mA for unipolar voltage ranges (see Figure 11). Use protec- 
tion diodes as shown when a high voltage op amp is used. 



FIGURE 10. External Op Amp Using Internal and External 
Feedback Resistors to Maintain Low Gain Drift. 
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Microprocessor-Compatible 
16 -BIT DIGITAL-TO-ANALOG CONVERTERS 


FEATURES 


• TWO-CHIP CONSTRUCTION 

• HIGH-SPEED 16-BIT PARALLEL, 8-BIT 
(BYTE) PARALLEL, AND SERIAL INPUT 
MODES 

• DOUBLE-BUFFERED INPUT REGISTER 
CONFIGURATION 

• v out and I out MODELS 


DESCRIPTION 


The DAC708 and DAC709 are 16-bit converters de- 
signed to interface to an 8-bit microprocessor bus. 16- 
bit data is loaded in two successive 8 -bit bytes into 
parallel 8-bit latches before being transferred into the 
D/A latch. The DAC708 and DAC709 are current and 
voltage output models respectively and are in 24-pin 
hermetic DIPs. Input coding is Binary Two’s Comple- 
ment (bipolar) or Unipolar Straight Binary (unipolar, 
when an external logic inverter is used to invert the 
MSB). In addition, the DAC708/709 can be loaded 
serially (MSB first). 

The DAC707 is designed to interface to a 16-bit bus. 



Latch Enables/ 
Mode Select 

CLEAR 

WRITE 


CHIP SELECT — 


• HIGH ACCURACY: 

Linearity Error ±0.003% of FSR max 
Differential Linearity Error ±0.006% of FSR 
max 

• MONOTONIC (TO 14 BITS) OVER 
SPECIFIED TEMPERATURE RANGE 

• HERMETICALLY SEALED 

• LOW COST PLASTIC VERSIONS 
AVAILABLE (DAC707JP/KP) 


Data is written into a 16-bit latch and subsequently the 
D/A latch. The DAC707 has bipolar voltage output 
and input coding is Binary Two’s Complement (BTC). 

All models have Write and Clear control lines as well 
as input latch enable lines. In addition, DAC708 and 
DAC709 have Chip Select control lines. In the bipolar 
mode, the Clear input sets the D/A latch to give zero 
voltage or current output. They are all 14-bit accurate 
and are complete with reference, and for the DAC707, 
and DAC709, a voltage output amplifier. All models 
are available with an optional bum-in screening. 


Reference 

Circuit 


Summing Junction (708, 709) 
A AA 10V Range (708, 709) 


DAC707 or DAC709 
Only 


DAC707/708/709 Block Diagram 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, V cc = ±1 5V, V DD = +5V, and after a 1 0-minute warm-up unless otherwise noted. 






DAC707/708/709KH, 

DAC707/708/ 




DAC707JP 


DAC707KP 

709BH, SH 


MODEL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT j 

DIGITAL INPUT 

Resolution 



16 



* 



* 

Bits 

Bipolar Input Code (all models) 

Binary Two’s Complement 


* 



* 



Unipolar Input Code (1) (DAC708/709 only) 




Unipolar Straight Binary 


* 



Logic Levels®: V IH 

+2.0 


+5.5 

* 


* 

* 


* 

V 

v IL 

-1.0 


+0.8 

* 


* 

* 


* 

V 

l 1H (V, = +2.7V) 



1 



* 



* 

pA 

l |L (V, = +0.4 V) 



1 



* 



* 

pA 

TRANSFER CHARACTERISTICS | 

ACCURACY® 

Linearity Error 


±0.003 

±0.006 


±0.0015 

±0.003 


* 

* 

% of FSR® 

Differential Linearity Error® 


±0.0045 

±0.012 


±0.003 

±0.006 


* 

* 

% of FSR 

at Bipolar Zero® 6) 





±0.003 

±0.006 


±0.0015 

±0.003 

% of FSR 

Gain Error® 


±0.07 

±0.30 


* 

±0.15 


±0.05 

±0.10 

% 

Zero Error® 


±0.05 

±0.1 


* 

* 


* 

* 

% of FSR 

Monotonicity Over Spec Temp Range 

13 



14 



14 



Bits 

Power Supply Sensitivity: +V CC -V cc 


±0.0015 

±0.006 


* 

* 


* 

±0.003 

% of FSR/%V CC 

V 

V DD 


±0.0001 

±0.001 


* 

* 


* 

* 

% of FSR/%V DD 

DRIFT (Over Spec Temp Range®) 

Total Error Over Temp Range® 


±0.08 



* 

±0.15 


* 

±0.10 

% of FSR 

Total Full Scale Drift 


±10 



* 

±25 


* 

±15 

ppm of FSR/°C 

Gain Drift 


±10 

±30 


* 

±25 


±7 

±15 

ppm/°C 

Zero Drift: Unipolar (DAC708/709 only) 





±2.5 

±5 


±1.5 

±3 

ppm of FSR/°C 

Bipolar (all models) 


±5 

±15 


* 

±12 


±4 

±10 

ppm of FSR/°C 

Differential Linearity Over Temp® 



±0.012 



+0.009, 

-0.006 




% of FSR 

Linearity Error Over Temp® 



±0.012 



±0.006 



* ' 

% of FSR 

SETTLING TIME (to ±0.003% of FSR)® 
Voltage Output Models 











Full Scale Step (2kQ load) 


4 



* 

8 


* 

8 

M'S 

1 LSB Step at Worst Case Code< 10 > 


2.5 



* 

4 


* 

4 

ps 

Slew Rate 

Current Output Models 


10 








V/ps 

Full Scale Step (2mA): 10 to 100Q Load 





350 



* 


ns 

1 kQ Load 





1 



* 


ps 

OUTPUT | 

VOLTAGE OUTPUT MODELS 

Output Voltage Range 











DAC709: Unipolar (USB Code) 





0 to +10 



* 


V 

Bipolar (BTC Code) 





±5, ±10 



* 


V 

DAC707 Bipolar (BTC Code) 


±10 



* 



* 


V 

Output Current 

±5 



* 



* 



mA 

Output Impedance 


0.15 



* 



* 


Q 

Short Circuit to Common Duration 


Indefinite 



* 



* 



CURRENT OUTPUT MODELS 

Output Current Range (±30% typ) 











DAC708: Unipolar (USB Code) 





0 to -2 



* 


mA 

Bipolar (BTC Code) 





±1 



* 


mA 

Unipolar Output Impedance (±30% typ) 





4.0 



* 


kQ 

Bipolar Output Impedance (±30% typ) 





2.45 



* 


kQ 

Compliance Voltage 





±2.5 





V 
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ELECTRICAL (CONT) 

At T a = +25°C, V cc = ±15V, V DD = +5V, and after a 10-minute warm-up unless otherwise noted. 






DAC707/708/709KH, 

DAC707/708/ 




DAC707JP 


DAC707KP 


709BH, SH 


MODEL 

MIN 

TYP 

MAX 

MIN 

TYP _ 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS | 

Voltage (all models): +V CC 

+13.5 

+15 

+16.5 

* 

* 

* 

* 

* 

* 

V 

- v cc 

-13.5 

-15 

-16.5 

* 

* 

* 

* 

* 

* 

V 

v D0 

+4.5 

+5 

+5.5 

* 

* 

* 

* 

* 

* 

V 

Current (No Load, +15V Supplies) 











Current Output Models: +V CC 





+10 

+25 


* 

* 

mA 

“ V CC 





-13 

-25 


* 

* 

mA 

v DD 





+5 

+10 


* 

* 

mA 

Voltage Output Models: +V CC 


+16 

+30 


* 

* 


* 

* 

mA 

-V cc 


-18 

-30 


* 

* 


* 

* 

mA 

v DD 


+5 

+10 


* 

* 


* 

* 

mA 

Power Dissipation (±1 5V supplies) 











Current Output Models 





370 

800 


* 

* 

mW 

Voltage Output Models 


535 



* 

950 


* 

* 

mW 

TEMPERATURE RANGE f 

Specification: BH Grades 







-25 


+85 

°C 

JP, KP, KH Grades 

0 


+70 

* 


* 




°C 

SH Grades 







-55 


+125 

°C 

Storage: Ceramic 




-65 


+150 

-65 


+150 

°C 

Plastic 

-60 


+100 

* 


* 




°c 


‘Specification same as for models in column to the left. 

NOTES: (1 ) MSB must be inverted externally prior to DAC708/709 input. (2) Digital inputs are TTL, LSTTL, 54/74C, 54/74HC and 54/74HTC compatible over the specified 
temperature range. (3) DAC708 (current-output models) are specified and tested with an external output operational amplifier connected using the internal feedback 
resistor in all tests. (4) FSR means Full Scale Range. For example, for ±1 OV output, FSR = 20V. (5) ±0.001 5% of Full Scale Range is equal to 1 LSB in 1 6-bit resolution, 
±0.003% of Full Scale Range is equal to 1 LSB in 15-bit resolution. ±0.006% of Full Scale Range is equal to 1 LSB in 14-bit resolution. (6) Error at input code 0000 H . 
(For unipolar connection on DAC708/709, the MSB must be inverted externally prior to D/A input.) (7) Adjustable to zero with external trim potentiometer. Adjusting the 
gain potentiometer rotates the transfer function around the bipolar zero point. (8) With gain and zero errors adjusted to zero at +25°C. (9) Maximum represents the 3o 
limit. Not 1 00% tested for this parameter. (10) The bipolar worst-case code change is FFFF H to 0000 H and 0000 H to FFFF H . For unipolar (DAC708/709 only) it is 7FFF H 
to 8000 H and 8000 h to 7FFF H . 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 

® 
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PACKAGE INFORMATION 01 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC707JP 

28-Pin Plastic DBL Wide DIP 

215 

DAC707KP 

28-Pin Plastic DBL Wide DIP 

215 

DAC707BH 

28LD Side Brazed 
Hermetic Dip 

144 

DAC707KH 

28LD Side Brazed 
Hermetic DIP 

144 

DAC707SH 

28LD Side Brazed 
Hermetic DIP 

144 

DAC708BH 

24LD Side Brazed 
Hermetic DIP 

165 

DAC708KH 

24LD Side Brazed 
Hermetic DIP 

165 

DAC708SH 

24LD Side Brazed 
Hermetic DIP 

165 

DAC709BH 

24LD Side Brazed 
Hermetic DIP 

165 

DAC709KH 

24LD Side Brazed 
Hermetic DIP 

165 

DAC709SH 

24LD Side Brazed 
Hermetic DIP 

165 


NOTE: (1 ) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ABSOLUTE MAXIMUM RATINGS 

V DD to COMMON OV, +15V 

+V CC to COMMON OV, +18V 

-V cc to COMMON OV, -18V 

Digital Data Inputs to COMMON -0.5V, V 0D +0.5 

DC Current any input ±10mA 

Reference Out to COMMON Indefinite Short to COMMON 

V OUT (DAC707, DAC709) Indefinite Short to COMMON 

External Voltage Applied to R F (pin 13 or 14, DAC708) +18V 

External Voltage Applied to D/A Output 

(pin 1 , DAC707 ; pin 1 4, DAC709) ±5V 

Power Dissipation lOOOmW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) 300°C 

Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

INPUT 

CONFIG 

OUTPUT 

CONFIG 

DAC707JP 

0°C to +70°C 

16-bit port 

±10V output 

DAC707JP-BI< 1 > 

0°C to +70°C 

16-bit port 

±10V output 

DAC707KP 

0°C to +70°C 

16-bit port 

±10V output 

DAC707KP-BI< 1 > 

0°C to +70°C 

16-bit port 

±10V output 

DAC707KH 

0°C to +70°C 

16-bit port 

±1 OV output 

DAC707KH-BI< 1 > 

0°C to +70°C 

16-bit port 

±10V output 

DAC707BH 

— 25°C to +85°C 

16-bit port 

±1 OV output 

DAC707BH-BI< 1 > 

-25°C to +85°C 

16-bit port 

±1 OV output 

DAC707SH 

-55°C to +125°C 

16-bit port 

±10V output 

DAC707SH-BI (1) 

-55 °C to +125°C 

16-bit port 

±10V output 

DAC708KH 

0°C to +70°C 

8-bit port 

±1mA output 

DAC708BH 

-25°C to +85°C 

8-bit port 

±1 mA output 

DAC708SH 

-55°C to +1 25°C 

8-bit port 

±1mA output 

DAC709KH 

0°C to +70°C 

8-bit port 

+10V output 

DAC709BH 

-25°C to +85°C 

8-bit port 

±10V output 

DAC709SH 

-55°C to +1 25 °C 

8-bit port 

±10V output 


NOTE: (1) 25 piece minimum order. 
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DESCRIPTION OF PIN FUNCTIONS 


DAC707 

Pin 

DAC708/709 | 

DESIGNATOR 

DESCRIPTION 

# 

DESIGNATOR 

DESCRIPTION 

Vour 

Voltage output for DAC707 (±1 OV) 

1 

a 2 

Latch enable for D/A latch (Active low) 

V DD 

Logic supply (+5V) 

2 

A 0 

Latch enable for “low byte” input (Active low). When 
both A 0 and A, are logic “0”, the serial input mode is 
selected and the serial input is enabled. 

DCOM 

Digital common 

3 

A, 

Latch enable for “high byte” input (Active low). When 
both A 0 and A, are logic “0”, the serial input mode is 
selected and the serial input is enabled. 

ACOM 

Analog common 

4 

D7 (D15) 

Input for data bit 7 if enabling low byte (LB) latch or 
data bit 15 if enabling the high byte (HB) latch. 

SJ 

Summing junction of the internal output op amp for the 
DAC707. Offset adjust circuit is connected to the 
summing junction of the output amplifier. Refer to Block 
Diagram. 

5 

D6 (D14) 

Input for data bit 6 if enabling LB latch or data bit 14 if 
enabling the HB latch. 

GA 

Gain adjust pin. Refer to Connection Diagram for gain 
adjust circuit. 

6 

D5 (D13) 

Data bit 5 (LB) or data bit 13 (HB) 

+V oc 

Positive supply voltage (+1 5V) 

7 

D4 (D12) 

Data bit 4 (LB) or data bit 12 (HB) 

-V C c 

Negative supply voltage (-1 5V) 

8 

D3 (Dll) 

Data bit 3 (LB) or data bit 1 1 (HB) 

CLR 

Clear line. Sets the input latch to zero and sets the D/A 
latch to the input code that gives bipolar zero on the 

D/A output (Active low) 

9 

D2 (DIO) 

Data bit 2 (LB) or data bit 10 (HB) 

WR 

Write control line (Active low) 

10 

D1 (D9) 

Data bit 1 (LB) or data bit 9 (HB) 


Enable for D/A converter latch (Active low) 

11 

DO (D8)/SI 

Data bit 0 (LB) or data bit 8 (HB). Serial input when 
serial mode is selected. 

A 0 

Enable for input latch (Active low) 

12 

DCOM 

Digital common 

D15 (MSB) 

Data bit 15 (Most Significant Bit) 

13 

R F2 

Feedback resistor for internal or external operational 
amplifier. Connect to pin 14 when a 10V output range 
is desired. Leave open for a 20 V output range. 

D14 

Data bit 14 

14 

Vout 

R F1 (DAC708) 

Voltage output for DAC709 or feedback resistor for 
use with an external output op amp for the DAC708. 
Refer to Connection Diagram for connection of 
external op amp to DAC708. 

D13 

Data bit 13 

15 

ACOM 

Analog common 

D12 

Data bit 12 

16 

SJ (DAC709) 
l OUT (DAC708) 

Summing junction of the internal output op amp for the 
DAC709, or the current output for the DAC708. Refer 
to Connection Diagram for connection of external op 
amp to DAC708. 

Dll 

Data bit 1 1 

17 

BPO 

Bipolar offset. Connect to pin 1 6 when operating in the 
bipolar mode. Leave open for unipolar mode. 

DIO 

Data bit 10 

18 

GA 

Gain adjust pin 

D9 

Data bit 9 

19 

+V cc 

Positive supply voltage (+15V) 

D8 

Data bit 8 

20 

-Vcc 

Negative supply voltage (-15V) 

D7 

Data bit 7 

21 

CLR 

Clear line. Sets the high and low byte input registers 
to zero and, for bipolar operation, sets the D/A register 
to the input code that gives bipolar zero on the D/A 
output. (In the unipolar mode, invert the MSB prior to 
the D/A.) 

D6 

Data bit 6 

22 

WR 

Write control line 

D5 

Data bit 5 

23 

cs 

Chip select control line 

D4 

Data bit 4 

24 

Voo 

Logic supply (+5V) 

D3 

Data bit 3 

25 

No pin 


D2 

Data bit 2 

26 

No pin 

(The DAC708 and DAC709 are in 24-pin packages) 

D1 

Data bit 1 

27 

No pin 


DO (LSB) 

Data bit 0 (Least Significant Bit) 

28 

No pin 
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CONNECTION DIAGRAMS 


DAC708/709 

r —M 7 

Register Zl— 

Enable <1 Ao[~T 

Lines I"1 

[ — m 

r P7(D15J ,^4 

D6 (D14) 

D5 (D13) 

Data J P4(D12) 

Inputs \ L— 

D3(D11) |~o 

D2 (DIO) 

-Dli Pg LQc 

,P 0(D8)/S1 j -jj 
DCOM rr; 



NOTES: (1) Potentiometer is 
lOkQto lOOkQ. (2) Decoupling 
capcitors are 0.1 pF to 1 .OpF. 


^-r- Gain + 

Adjust (1) — r— ■ 

3.9MO L\A/J < 2 > 

\ Offset Adjust 

Connect for bipolar operation. 


— - | ^--Connect for 1 0V range. 

13 [■ R - F - - - Leave pin 1 3 open for 20V range. 


LAnalog Common 


3.9MC1 

270kH V (3)z 


+Vcc 


Gain Adjust +V C c f 



l 

-Vcc [ 

-v cc ' JL _T ' l 


Latch Enable Lines 


NOTES: (1) Potentiometers are 10kQ to lOOkO. 

(2) Decoupling capcitors are 0.1 pF to I.OpF. 

(3) Bypass, 0.0022pF to 0.01 pF. 


r CLR 9 

nes< '==j 

^ WR 10 

r A ~ Hi 

nes< _ 

^ Ao 1 12 

(MSB) D15 Jj3^ 

D14 [TT 



28] DO (LSB) 
27] D1 

~26~|d2 

25] D3 
~24] D4 
23] D5 
22] D6 

^TlD7 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

For bipolar operation, the DAC707/708/709 accept positive- 
true binary two’s complement input code. For unipolar 
operation (DAC708/709 only) the input code is positive-true 
straight-binary provided that the MSB input is inverted with 
an external inverter. See Table I. 



ANALOG OUTPUT j 

Digital 

Unipolar Straight Binary (1) 

Binary Two's Complement 

Input 

(DAC708/709 only; connected 

(Bipolar operation; 

Codes 

for Unipolar operation) 

all models) 

7FFF h 

+1/2 Full Scale -1LSB< 2 > 

+Full Scale 

oooo H 

Zero 

Zero 

FFFF h 

+Full Scale 

-1 LSB 

8000 h 

+1/2 Full Scale 

-Full Scale 

NOTES: (1 ) MSB must be inverted externally. (2) Assumes MSB is inverted 
externally. 


TABLE I. Digital Input Codes. 

ACCURACY 

Linearity 


This specification describes one of the most important mea- 
sures of performance of a D/A converter. Linearity error is 
the deviation of the analog output from a straight line drawn 
through the end points (-Full Scale point and +Full Scale 
point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is the 
deviation from an ideal 1LSB change in the output when the 
input changes from one adjacent code to the next. A differ- 
ential linearity error specification of ±1/2LSB means that the 
output step size can be between 1/2LSB and 3/2LSB when 
the input changes between adjacent codes. A negative DLE 
specification of -1LSB maximum (-0.006% for 14-bit reso- 
lution) insures monotonicity. 

Monotonicity 

Monotonicity assures that the analog output will increase or 
remain the same for increasing input digital codes. The 
DAC707/708/709 are specified to be monotonic to 14 bits 
over the entire specification temperature range. 

DRIFT 

Gain Drift 

Gain Drift is a measure of the change in the full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppm/°C). Gain drift is established by: (1) 
testing the end point differences at t MIN , +25°C and t MAX ; (2) 
calculating the gain error with respect to the +25°C value; 
and (3) dividing by the temperature change. 

Zero Drift 

Zero Drift is a measure of the change in the output with 
0000 H applied to the D/A converter inputs over the specified 
temperature range. (For the DAC708/709 in unipolar mode, 


the MSB must be inverted). This code corresponds to zero 
volts (DAC707 and DAC709) or zero milliamps (DAC708) 
at the analog output. The maximum change in offset at t^ 
or t MAX is referenced to the zero error at +25°C and is divided 
by the temperature change. This drift is expressed in FSR/ 
°C. 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its final 
value after a change in digital input. Refer to Figure 1 for 
typical values for this family of products. 



FIGURE 1. Final-Value Error Band Versus Full-Scale Range 
Settling Time. 

Voltage Output 

Settling times are specified to ±0.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (±10V) or 10V (±5V or 0 to 10V) and a 1LSB 
change at the “major carry”, the point at which the worst- 
case settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to the 
next.) 

Current Output 

Settling times are specified to ±0.003% of FSR for a full- 
scale range change for two output load conditions: one for 
10£2 to 100Q and one for 1000£L It is specified this way 
because the output RC time constant becomes the dominant 
factor in determining settling time for large resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output models. It 
is the maximum voltage swing allowed on the output current 
pin while still being able to maintain specified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
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output. It is defined as a percent of FSR change in the output 
per percent of change in either the positive supply (+V CC ), 
negative supply (-V cc ) or logic supply (V DD ) about the 
nominal power supply voltages (see Figure 2). It is specified 
for DC or low frequency changes. The typical performance 
curve in Figure 2 shows the effect of high frequency changes 
in power supply voltages. 



1 10 100 Ik 10k 100k 

Power Supply Ripple Frequency (Hz) 


FIGURE 2. Power Supply Rejection Versus Power Supply 
Ripple Frequency. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in the 
Connection Diagram. lpF tantalum capacitors should be 
located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external zero 
and gain potentiometers. Connect these potentiometers as 
shown in the Connection Diagram and adjust as described 
below. TCR of the potentiometers should be 100ppm/°C or 
less. The 3.9MG and 270k£2 resistors (±20% carbon or 
better) should be located close to the D/A converter to 
prevent noise pickup. If it is not convenient to use these 
high-value resistors, an equivalent “T” network, as shown in 
Figure 3, may be substituted in place of the 3.9MQ resistor. 
A 0.00 lpF to 0.0 lpF ceramic capacitor should be connected 
from GAIN ADJUST to ANALOG COMMON to prevent 
noise pickup. Refer to Figures 4 and 5 for the relationship of 
zero and gain adjustments to unipolar D/A converters. 


3.9MQ 180kQ 180kQ 

O y/\Y O = O /vY f VW ° 

10kQ< 


FIGURE 3. Equivalent Resistances. 


Zero Adjustment 

For unipolar (USB) configurations, apply the digital input 
code that produces zero voltage or zero current output and 
adjust the zero potentiometer for zero output. 

For bipolar (BTC) configurations, apply the digital input 
code that produces zero output voltage or current. See Table 
II for corresponding codes and connection diagrams for zero 
adjustments circuit connections. Zero calibration should be 
made before gain calibration. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this posi- 
tive full-scale voltage. See Table II for positive full-scale 
voltages and the Connection Diagrams for gain adjustment 
circuit connections. 



FIGURE 4. Relationship of Zero and Gain Adjustments for 
Unipolar D/A Converters, DAC708 and 
DAC709. 



FIGURE 5. Relationship of Zero and Gain Adjustments for 
Bipolar D/A Converters, DAC707 and DAC708/ 
709 
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VOLTAGE OUTPUT MODELS 


Digital 

Input 

Code 

Analog Output 

Units 

Digital 

Input 

Code 

Analog Output 

Units 

Unipolar, 0 to +10V«> 

Bipolar, ±10V 

Bipolar, ±5V 

16-Bit 

15-Bit 

14-Bit 

16-Bit 

15-Bit 

14-Bit 

16-Bit 

15-Bit 

14-Bit 

One LSB 

153 

305 

610 

nv 

One LSB 

305 

610 

1224 

153 

305 

610 

nv 

FFFF h 

+9.99985 

+9.99969 

+9.99939 

V 

7FFFH 

+9.99960 

+9.99939 

+9.99878 

+4.99980 

+4.99970 

+4.99939 

V 

0000 H 

2 , 

0 

0 

V 

8000H 

-10.0000 

-10.0000 

-10.0000 

-5.0000 

-5.0000 

-5.0000 

V 


CURRENT OUTPUT MODELS 


m 

Analog Output 

Units 

Digital 

Input 

Code 

Analog Output 

Units 

Unipolar, 0 to -2mA (1> 

Bipolar, ±1mA 

16-Bit 

15-Bit 

14-Bit 

16-Bit 

15-Bit 

14-Bit 

One LSB 

0.031 

0.061 

0.122 

ma 

One LSB 

0.031 

0.061 

0.122 

ma 

FFFF H 

-1.99997 

-1.99994 

-1.99988 

mA 

7FFF H 

-0.99997 

-0.99994 

-0.99988 

mA 

0000 H 

0 

0 

0 

mA 

8000 h 

+1.00000 

+1.00000 

+1.00000 

mA 


NOTE: (1) MSB assumed to be inverted externally. 


TABLE II. Digital Input and Analog Output Voltage/Current Relationships. 


INTERFACE LOGIC AND TIMING 
DAC708/709 

The signals CHIP SELECT (CS), WRITE (WR), register 
enables (A 0 , A v and A 2 ) and CLEAR (CLR), provide the 
control functions for the microprocessor inte rface. They are 
all active in the “low” or logic “0” state. CS must be low to 
access any of the registers. A 0 and A t steer the input 8-bit 
data byte to the low- or high-byte input latch respectively. A 2 
gates the contents of the two input latches through to the D/A 
latch in parallel. The contents are then applied to the input of 
the D/A converter. When WR goes low, data is strobed into 
the latch or latches which have been enabled. 

The serial input mode is activated when both A 0 and A, are 
logic “0” simultaneously. The DO (D8)/SI input data line 
a ccept s the serial data MSB first. Each bit is clocked in by 
a WR pulse. Data is strobed through to the D/A latch by A 2 
going to logic “0” the same as in the parallel input mode. 

Each of the latches can be made “transparent” by maintain- 
ing its enable signal _at logic “0”. However, as stated above, 
when both A 0 and A y are logic “0” at the same time, the 
serial mode is selected. 

The CLR line resets both input latches to all zeros and sets 
the D/A latch to 0000 H . This is the binary code that gives a 
null, or zero, at the output of th e D/A in the bipolar mode. 
In the unipolar mode, activating CLR will cause the output 
to go to one-half of full scale. 

The maximum clock rate of t he la tches is 10MHz. The 
minimum time between write (WR) pulses for successive 
enables is 20ns. In the serial input mode (DAC708 and 
DAC709), the maximum rate at which data can be clocked 
into the input shift register is 10MHz. 

The timing of the control signals is given in Figure 6. 

DAC707 

The DAC707 interface timing is the same as that described 
above except instead of two 8-bit separately-enabled input 
latches, it has a single 16-bit input latch enabled by A 0 . The 



D/A latch is enabled by A r Also, there is no serial-input 
mode and no CHIP SELECT (CS) line. 

INSTALLATION 

CONSIDERATIONS 

Due to the extremely-high accuracy of the D/A converter, 
system design problems such as grounding and contact 
resistance become very important. For a 16-bit converter 
with a +10V full-scale range, 1LSB is 153|iV. With a load 
current of 5mA, series wiring and connector resistance of 
only 30m£2 will cause the output to be in error by 1LSB. To 
understand what this means in terms of a system layout, the 
resistance of typical 1 ounce copper-clad printed circuit 
board material is approximately l/2mQ. per square. In the 
example above, a 10 milliinch-wide conductor 60 milliinches 
long would cause a 1LSB error. 


mm 
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DAC707/709 



FIGURE 7. DAC707/709 Bipolar Output Circuit (Voltage 
Out). 


DAC708 



FIGURE 8. DAC708 Bipolar Output Circuit (with External 
Op Amp). 


In Figures 7 and 8, lead and contact resistances are repre- 
sented by Rj through R 5 . As long as the load resistance R L 
is constant, R 2 simply introduces a gain error and can be 
removed with gain calibration. R 3 is part of R L if the output 
voltage is sensed at ANALOG COMMON. 

Figures 8 and 9 show two methods of connecting the current 
output model with an external precision output op amp. By 
sensing the output voltage at the load resistor (connecting R p 
to the output of the amplifier at R L ) the effect of and R 2 
is greatly reduced. R, will cause a gain error but is indepen- 
dent of the value of Rj and can be eliminated by initial 
calibration adjustments. The effect of R 2 is negligible be- 
cause it is inside the feedback loop of the output op amp and 
is therefore greatly reduced by the loop gain. 

In many applications it is impractical to sense the output 
voltage at ANALOG COMMON. Sensing the output volt- 
age at the system ground point is permissible because these 
converters have separate analog and digital common lines 
and the analog return current is a near-constant 2mA and 
varies by only lOpA to 20pA over the entire input code 
range. R 4 can be as large as 312 without adversely affecting 
the linearity of the D/A converter. The voltage drop across 
R 4 is constant and appears as a zero error that can be nulled 
with the zero calibration adjustment. 

Another approach senses the output at the load as shown in 
Figure 9. In this circuit the output voltage is sensed at the 
load common and not at the D/A converter common as in the 
previous circuits. The value of R g and R 7 must be adjusted 
for maximum common-mode rejection across R L . The effect 
of R 4 is negligible as explained previously. 

The D/A converter and the wiring to its connectors should be 
located to provide optimum isolation from sources of RFI 
and EMI. The key to elimination of RF radiation or pickup 
is small loop area. Signal leads and their return conductors 
should be kept close together such that they present a small 
flux-capture cross section for any external field. 



FIGURE 9. Alternate Connection for Ground Sensing at the 
Load (Current Output Models). 
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BURN-IN SCREENING 

Bum-in screening is an option available for the DAC707. 
Bum-in duration is 160 hours at the temperature shown 
below (or equivalent combination of time and temperature). 

Model Temp. Range Burn-In Screening 


DAC707JP-BI 0°C to 70°C 100°C 

DAC707KP-BI 0°C to 70°C 100°C 

DAC707KH-BI -25°C to +85°C 125°C 

DAC707BH-BI -25°C to +85°C 125°C 

DAC707SH-BI -55°C to +125°C 125°C 


All units are tested after burn-in to ensure that grade speci- 
fications are met. 


APPLICATIONS 

LOADING THE DAC709 SERIALLY 
ACROSS AN ISOLATION BARRIER 

A very useful application of the DAC709 is in achieving 
low-cost isolation that preserves high accuracy. Using the 
serial input feature of the input register pair, only three 


signal lines need to be isolated. The d ata is applied to pin 1 1 
in a serial bit stream, MSB first. The WR input is used as a 
data strobe, clocking in each data bit. A RESET signal is 
provided for system startup and reset. These three signals 
are each optically isolated. Once the 16 bits of serial data 
have been strobed into the input register pair, the data is 
strobed through to the D/A register by the “carry” signal out 
of a 4-bit binary synchronous counter that has counted the 
16 WR pulses used to clock in the data. The circuit diagram 
is given in Figure 10. 

CONNECTING MULTIPLE DAC707s 
TO A 16-BIT MICROPROCESSOR BUS 

Figure 11 illustrates the method of connecting multiple 
DAC707s to a 16-bit microprocessor bus. The circuit shown 
has two DAC707s and uses only one address line to select 
either the input register or the D/A register. An external 
address decoder selects the desired converter. 


n=»»=n 
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DATA STROBE 


1/6 7407 j — *V D D 
5^330Q 


Serial Input —4 
(16-Bit Data \/r 
Stream) 1/6 7407 


I Carry Out [ 

ENT C 

3A 

ENP C 

3B 

Load C 

3C 

C 

DD 


A 

In' 

B 

CLR 


CK 

n 

LD 


No 

^•Connection 


0+5V 

1 1/4 74LS00 


A2 Ai Ao CS 
WR 


CLR 

DAC708 


DO 

Q o o B o 

1 1/4 74LS00 ^<8^^ 


1/4 74LS00 

fV] DO f 

$2.2koT 


- - - Isolation Barrier 


DATA STROBE — \j~ 
Serial Input -\ 1 


FIGURE 10. Serial Loading of Electrically Isolated DAC708/709. 



16-Bit Data Bus 


16-Bit \ Base CSl 

Address , Address 

Bus / Decoder 


Ao WR 

DAC707 


Aq WR 

DAC707 



FIGURE 11. Connecting Multiple DAC707s to a 16-Bit Microprocessor. 
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16-BIT DIGITAL-TO-ANALOG CONVERTER 
WITH 16-BIT BUS INTERFACE 


FEATURES 


• HIGH-SPEED 16-BIT PARALLEL DOUBLE- 
BUFFERED INTERFACE 

• VOLTAGE OUTPUT: ±10V 

• 13-, 14-BIT LINEARITY GRADES 

• 14-BIT MONOTONIC OVER 
TEMPERATURE (B GRADE) 

• POWER DISSIPATION: 600mW max 

• GAIN AND OFFSET ADJUST: Convenient 
for Auto-Cal D/A Converters 

• SPECIFIED OVER -40°C to +85°C 

• 28-LEAD DIP AND SOIC PACKAGES 


DESCRIPTION 

D AC7 1 2 is a complete 1 6-bit resolution D/A converter. 

DAC712 has a precision +10V temperature compen- 
sated voltage reference, ±10V output amplifier and 
16-bit port bus interface. 

The digital interface is fast, 60ns minimum write pulse 
width, is double-buffered and has a CLEAR function 
that resets the analog output to bipolar zero. 

GAIN and OFFSET adjustment inputs are arranged so 
that they can be easily trimmed by external D/A 
converters as well as by potentiometers. 

DAC712 is available in two linearity error perfor- 
mance grades: ±4LSB DAC712P and U, ±2LSB 
DAC712PB or UB. DAC712 is specified at power 
supply voltages of ± 12V and ±15V. 

DAC712 is packaged in a 28-pin 0.3" wide plastic DIP 
and in a 28-lead wide-body plastic SOIC. DAC712 is 
specified over -40°C to +85°C. 



Bipolar Offset Adjust 
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SPECIFICATIONS 


ELECTRICAL 

At T a = 25°C, +V CC = +12V and +15V, -V cc = -12V and -15V unless otherwise noted. 



DAC712P, U 

DAC712PB, UB 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT 








RESOLUTION 



16 



* 

Bits 

DIGITAL INPUTS 








Input Code 

Binary Two’s Complement 


* 



Logic Levels* 1 ) 








V, H 

+2.0 


8 

> 

+ 

* 


* 

V 

V IL 

0 


+0.8 

* 


* 

V 

l| H (V, = +2.7V) 



±10 



* 

pA 

l IL (V| = +0.4V) 



±10 



* 

pA 

TRANSFER CHARACTERISTICS | 

ACCURACY 








Linearity Error 



±4 



±2 

LSB 

T m ,n t0 Tmax 



±8 



±4 

LSB 

Differential Linearity Error 



±4 



±2 

LSB 

Tmin t° Tmax 



±8 



±4 

LSB 

Monotonicity Over Temp 

13 



14 



Bits 

Gain Error* 3 ) 



±0.1 



±0.1 

% 

Tmin to T max 



±0.2 



±0.15 

% 

Bipolar Zero Error* 3 ) 



±0.1 



* 

% FSR* 2 ) 




±20 




mV 

Tmin to T MAX 



±0.2 



±0.15 

% FSR 




±40 



±30 

mV 

Power Supply Sensitivity Of Full Scale: 



±0.003 



* 

% FSR/% V cc 




±30 



* 

ppm FSR/% V cc 

DYNAMIC PERFORMANCE 








Settling Time (to ±0.003%FSR, 5kQ || 500pF Load)* 4 ) 








20V Output Step 


6 



* 

10 

|AS 

1 LSB Output Step* 5 ) 


4 



* 


M-S 

Output Slew Rate 


10 



* 


V/|is 

Total Harmonic Distortion + Noise 








OdB, 1001Hz, f s = 100kHz 


0.005 



* 


% 

-20dB, 1001Hz, f s = 100kHz 


0.03 



* 


% 

-60dB, 1001Hz, f s = 100kHz 


3.0 



* 


% 

SINAD 








1001Hz, f s = 100kHz 


87 



* 


dB 

Digital Feedthrough* 5 ) 


2 



* 


nV-s 

Digital-to-Analog Glitch Impulse* 5 ) 


15 



* 


nV-s 

Output Noise Voltage (Includes Reference) 


120 



* 


nV/VHz 

ANALOG OUTPUT 








Output Voltage Range 








+V C c,~V cc = ±11.4V 

±10 



* 



V 

Output Current 

±5 



* 



mA 

Output Impedance 


0.1 



* 


Q 

Short Circuit to ACOM 








Duration 


Indefinite 



* 



REFERENCE VOLTAGE 








Voltage 

+9.975 

+10.000 

+10.025 

* 

* 

* 

V 

Tmin to T MAX 

+9.960 


+10.040 

* 


* 

V 

Output Resistance 


1 



* 


Q 

Source Current 

2 



* 



mA 

Short Circuit to ACOM, Duration 


Indefinite 



* 



POWER SUPPLY REQUIREMENTS 








Voltage: +V CC 

+11.4 

+15 

+16.5 

* 

* 

* 

V 

-V cc 

-11.4 

-15 

-16.5 

* 

* 

* 

V 

Current (No Load, ±15V Supplies) 








+v cc 


13 

15 


* 

* 

mA 

-V cc 


22 

25 


* 

* 

mA 

Power Dissipation* 6 ) 


525 

600 


* 

* 

mW 

TEMPERATURE RANGES 








Specification 








All Grades 

-40 


+85 

* 


* 

°C 

Storage 

-60 


+150 

* 


* 

°C 

Thermal Coefficient 0 JA 








DIP Package 


75 



* 


°C/W 

SOIC Package 


75 

1 


* 


°C/W 


‘Specifications are the same as grade to the left. 

NOTES: (1 ) Digital inputs are TTL and +5V CMOS compatible over the specification temperature range. (2) FSR means Full Scale Range. For example, for a ±1 OV 
output, FSR = 20V. (3) Errors externally adjustable to zero. (4) Maximum represents the 3a limit. Not 1 00% tested for this parameter. (5) For the worst case code changes: 
FFFFh E >< to 0000 HEX and 0000 HE x to FFFF HEX . These are Binary Two’s Complement (BTC) codes. (6) Typical supply voltages times maximum currents. 
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ABSOLUTE MAXIMUM RATINGS 


+V CC to COMMON OV, +17V 

-V cc to COMMON OV, -17V 

+V CC to -V cc 34V 

Digital Inputs to COMMON -IV to +V CC 

External Voltage Applied to BPO and Range Resistors ±V CC 

VpfrpouT Indefinite Short to COMMON 

V 0UT Indefinite Short to COMMON 

Power Dissipation 750mW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


PACKAGE INFORMATION^) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC712P 

Plastic DIP 

246 

DAC712U 

Plastic SOIC 

217 

DAC712PB 

Plastic DIP 

246 

DAC712UB 

Plastic SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR MAX 
at +25°C 

DAC712P 

Plastic DIP 

-40°C to +85°C 

+4LSB 

DAC712U 

Plastic SOIC 

-40°C to +85°C 

±4LSB 

DAC712PB 

Plastic DIP 

-40°C to +85°C 

±2LSB 

DAC712UB 

Plastic SOIC 

-40°C to +85°C 

±2LSB 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


TIMING DIAGRAM 



TIMING SPECIFICATIONS 

T a = -40°C to +85°C, +V CC = +1 2V or +1 5V, -V cc = -1 2 V or -1 5V. 



PARAMETER 


j|^2[ 

UNITS 

*DW 

Data Valid to End of WR 

80 


ns 

Iaw 

A 0 , A! Valid to End of WR 

80 


ns 

*AH 

A 0 , A 1 Hold after End of WR 

10 


ns 

*DH 

Data Hold after end of WR 

10 


ns 

t WP (1 ' 2) 

Write Pulse Width 

60 


ns 

tcp 

CLEAR Pulse Width 

150 


ns 


NOTES: (1) There js a timing interaction between A x and WR when the edges 
(risjng or falling) of A x get close to the edges of WR. In the limit, where either edge 
of A x coincides with an edge of WR, t WP (min) increases to 80ns. For example 
as t AH approaches 0ns, t WP (min) increases to 80ns. (2) For single-buffered 
operation, t WP is 80ns min. Refer to page 1 0. 


TRUTH TABLE 


Ao 

A 1 

WR 

CLR 

DESCRIPTION 

0 

1 

1 ->0-> 1 

1 

Load Input Latch 

1 

0 

1 — > 0 — > 1 

1 

Load D/A Latch 

1 

1 

1 — > 0 -> 1 

1 

No Change 

0 

0 

0 

1 

Latches Transparent 

X 

X 

1 

1 

No Change 

X 

X 

X 

0 

Reset D/A Latch 



MMM ■ 
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PIN CONFIGURATION 
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DCOM 

n 


m 


ACOM 

0 


m 

01 

V OUT 

□ 


I2J 

D2 

Offset Adjust 

0 


m 

D3 

Vref out 

m 


i 

D4 

Gain Adjust 

s 



D5 

+v cc 

m 

DAC712 

m 

D6 

~ v cc 

0 


i 

07 

CLR 

B 


EJ 

D8 

WR 

i 


m 

D9 


B 



DIO 

K 

m 


m 

Dll 

D15 MSB 

m 


S3 

D12 

D14 

m 


to 

D13 


PIN DESCRIPTIONS 


HIM 

LABEL 

DESCRIPTION 



Power Supply return for digital currents. 



Analog Supply Return. 


VoUT 

±10V D/A Output. 


Off Adj 

Offset Adjust (Bipolar). 

5 

Vref out 

Voltage Reference Output. 

6 

Gain Adj 

Gain Adjust. 

7 

+V CC 

+12V to +15V Supply. 

8 

~V C c 

-12V to -15V Supply. 

9 

CLR 

CLEAR. Sets D/A output to BIPOLAR ZERO 



(Active Low). 

10 

WR 

Write (Active Low). 

11 

a ; 

Enable for D/A latch (Active Low). 

12 

A o 

Enable for Input latch (Active Low). 

13 

D15 

Data Bit 15 (Most Significant Bit). 

14 

D14 

Data Bit 14. 

15 

D13 

Data Bit 13. 

16 

D12 

Data Bit 12. 

17 

Dll 

Data Bit 1 1 . 

18 

DIO 

Data Bit 10. 

19 

D9 

Data Bit 9. 

20 

D8 

Data Bit 8. 

21 

D7 

Data Bit 7. 

22 

D6 

Data Bit 6. 

23 

D5 

Data Bit 5. 

24 

D4 

Data Bit 4. 

25 

D3 

Data Bit 3. 

26 

D2 

Data Bit 2. 

27 

D1 

Data Bit 1 . 

28 

DO 

Data Bit 0 (Least Significant Bit). 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V cc = ±1 5V unless otherwise noted. 


POWER SUPPLY REJECTION vs 

POWER SUPPLY RIPPLE FREQUENCY LOGIC vs V LEVEL 



10 100 Ik 10k 100k 1M -0.85 0 0.85 1.7 2.55 3.4 4.25 5.1 5.95 6.8 


Frequency (Hz) V Digital Input 


± FULL SCALE OUTPUT SWING 



S l ; 1 0 US 

L _ 



Time (lOgs/div) 



SETTLING TIME, +1 OV TO -1 OV 



Time (Igs/div) 


SETTLING TIME, -10V TO +10V 



Time (Igs/div) 


Spectral Noise Density 



Frequency (Hz) 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points of 
the transfer characteristic. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from 
1LSB of an output change from one adjacent state to the 
next. A DLE specification of ±1/2LSB means that the output 
step size can range from 1/2LSB to 3/2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -1LSB, the D/A is 
said to be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
Monotonicity of DAC712 is guaranteed over the specifica- 
tion temperature range to 13-, and 14-bits for performance 
grades DAC712P/U and DAC712PB/UB, respectively. 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
D/A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±0.003% of Full Scale Range (FSR) for an output 
step change of 20V and 1LSB. The 1LSB change is mea- 
sured at the Major Carry (FFFF HEX to 0000 HEX , and 0000 HEX 
to FFFF hex : BTC codes), the input transition at which worst- 
case settling time occurs. 

TOTAL HARMONIC DISTORTION + NOISE 

Total harmonic distortion + noise is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental fre- 
quency. It is expressed in % of the fundamental frequency 
amplitude at sampling rate f s . 

SIGNAL-TO-NOISE 

AND DISTORTION RATIO (SINAD) 

SINAD includes all the harmonic and outstanding spurious 
components in the definition of output noise power in 
addition to quantizing and internal random noise power. 
SINAD is expressed in dB at a specified input frequency and 
sampling rate, f s . 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea- 
sured at half scale at the input codes where as many as 
possible switches change state — from 7FFF HEX to 8000 HEX . 


DIGITAL FEEDTHROUGH 

When the A/D is not selected, high frequency logic activity 
on the digital inputs is coupled through the device and shows 
up as output noise. This noise is digital feedthrough. 

OPERATION 

DAC712 is a monolithic integrated-circuit 16-bit D/A con- 
verter complete with 16-bit D/A switches and ladder net- 
work, voltage reference, output amplifier and microproces- 
sor bus interface. 

INTERFACE LOGIC 

DAC712 has double-buffered data latches. The input data 
latch holds a 16-bit data word before loading it into the 
second latch, the D/A latch. This double-buffered organiza- 
tion permits simultaneous update of several D/A converters. 
All digital control inputs are active low. Refer to block 
diagram of Figure 1. 

All latches are level-triggered. Data present when the enable 
inputs are logic “0” will enter the latch. When the enable 
inputs return to logic “1”, the data is latched. 

The CLR input resets both the input latch and the D/A latch 
to give a bipolar zero output (8000 HEX internally). 

LOGIC INPUT COMPATIBILITY 

DAC712 digital inputs are TTL compatible (1.4V switching 
level) with low leakage, high impedance inputs. Thus the 
inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent circuit of a digital 
input is shown in Figure 2. 

Data inputs will float to logic “0” and control inputs will 
float to logic “0” if left unconnected. It is recommended that 
any unused inputs be connected to DCOM to improve noise 
immunity. 

Digital inputs remain high impedance when power is off. 

INPUT CODING 

DAC712 is designed to accept positive-true binary two’s 
complement (BTC) input codes which are compatible with 
bipolar analog output operation. For bipolar analog output 
configuration, a digital input of 7FFF HEX gives a plus full 
scale output, 8000 HEX gives a minus full scale output, and 
0000 HEX gives bipolar zero output. 

INTERNAL REFERENCE 

DAC712 contains a +10V reference. 

The reference output may be used to drive external loads, 
sourcing up to 2mA. The load current should be constant, 
otherwise the gain and bipolar offset of the converter will 
vary. 
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FIGURE 1. DAC712 Block Diagram. 


FIGURE 2. Equivalent Circuit of Digital Inputs. 

OUTPUT VOLTAGE SWING 

The output amplifier of DAC712 is committed to a ±10V 
output range. DAC712 will provide a ±10V output swing 
while operating on ± 11.4V or higher voltage supplies. 


FIGURE 3. Relationship of Offset and Gain Adjustments. 

Offset Adjustment 

Apply the digital input code that produces the maximum 
negative output voltage and adjust the offset potentiometer 
or the offset adjust D/A converter for -10V. 

BURR -BROWN® 


GAIN AND OFFSET ADJUSTMENTS 

Figure 3 illustrates the relationship of offset and gain adjust- 
ments for a bipolar connected D/A converter. Offset should 
be adjusted first to avoid interaction of adjustments. See 
Table I for calibration values and codes. These adjustments 
have a minimum range of ±0.3%. 
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DAC712 CALIBRATION VALUES 

1 LEAST SIGNIFICANT BIT = 305|iV 

DIGITAL INPUT CODE 
BINARY TWO’S 
COMPLEMENT, BTC 

ANALOG 

OUTPUT 

(V) 

DESCRIPTION 

7FFF h 

+9.999695 

+ Full Scale -1LSB 

1 

4000 h 

+5.000000 

3/4 Scale 

1 

0001 H 

+0.000305 

BPZ + 1LSB 

0000 H 

0.000000 

Bipolar Zero (BPZ) 

FFFFh 

-0.000305 

BPZ - 1 LSB 

1 

C000 H 

1 

-5.000000 

1/4 Scale 

1 

8000 h 

-10.00000 

Minus Full Scale 


TABLE I. Digital Input and Analog Output Voltage Calibra- 
tion Values. 


Gain Adjustment 

Apply the digital input that gives the maximum positive 
voltage output. Adjust the gain potentiometer or the gain 
adjust D/A converter for this positive full scale voltage. 

INSTALLATION 

GENERAL CONSIDERATIONS 

Due to the high-accuracy of these D/A converters, system 
design problems such as grounding and contact resistance 
become very important. A 16-bit converter with a 20V full- 
scale range has a 1LSB value of 305pV. With a load current 
of 5mA, series wiring and connector resistance of only 
60m£2 will cause a voltage drop of 300pV. To understand 
what this means in terms of a system layout, the resistivity 
of a typical 1 ounce copper-clad printed circuit board is 1/2 
m£2 per square. For a 5mA load, a 10 milliinch wide printed 
circuit conductor 60 milliinches long will result in a voltage 
drop of 150pV. 

The analog output of DAC712 has an LSB size of 305 pV 
(-96dB). The noise floor of the D/A must remain below this 
level in the frequency range of interest. The DAC712’s noise 
spectral density (which includes the noise contributed by the 
internal reference,) is shown in the Typical Performance 
Curves section. 

Wiring to high-resolution D/A converters should be routed 
to provide optimum isolation from sources of RFI and EMI. 
The key to elimination of RF radiation or pickup is small 
loop area. Signal leads and their return conductors should be 
kept close together such that they present a small capture 
cross-section for any external field. Wire-wrap construction 
is not recommended. 

POWER SUPPLY AND 
REFERENCE CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in Figure 4. Best performance occurs using a 1 to 
10pF tantalum capacitor at -V cc . Applications with less 


critical settling time may be able to use 0.0 lpF at -V cc as 
well as at +V CC . The capacitors should be located close to the 
package. 



DAC712 has separate ANALOG COMMON and DIGITAL 
COMMON pins. The current through DCOM is mostly 
switching transients and are up to 1mA peak in amplitude. 
The current through ACOM is typically 5|iA for all codes. 

Use separate analog and digital ground planes with a single 
interconnection point to minimize ground loops. The analog 
pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible from digital signals and should cross them at 
right angles. A solid analog ground plane around the D/A 
package, as well as under it in the vicinity of the analog and 
power supply pins, will isolate the D/A from switching 
currents. It is recommended that DCOM and ACOM be 
connected directly to the ground planes under the package. 

If several DAC712s are used or if DAC712 shares supplies 
with other components, connecting the ACOM and DCOM 
lines to together once at the power supplies rather than at 
each chip may give better results. 

LOAD CONNECTIONS 

Since the reference point for V OUT and V REF 0UT is the ACOM 
pin, it is important to connect the D/A converter load 
directly to the ACOM pin. Refer to Figure 5. 

Lead and contact resistances are represented by R { through 
R 3 . As long as the load resistance R L is constant, R { simply 
introduces a gain error and can be removed by gain adjust- 
ment of the D/A or system-wide gain calibration. R 2 is part 
of R L if the output voltage is sensed at ACOM. 

In some applications it is impractical to return the load to the 
ACOM pin of the D/A converter. Sensing the output voltage 
at the SYSTEM GROUND point is reasonable, because 
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there is no change in DAC712 ACOM current, provided that 
R 3 is a low-resistance ground plane or conductor. In this case 
you may wish to connect DCOM to SYSTEM GROUND as 
well. 

GAIN AND OFFSET ADJUST 
Connections Using Potentiometers 

GAIN and OFFSET adjust pins provide for trim using 
external potentiometers. 15-tum potentiometers provide suf- 
ficient resolution. Range of adjustment of these trims is at 
least ±0.3% of Full Scale Range. Refer to Figure 6. 

Using D/A Converters 

The GAIN ADJUST and OFFSET ADJUST circuits of 
DAC712 have been arranged so that these points may be 
easily driven by external D/A converters. Refer to Figure 7. 
12-bit D/A converters provide an OFFSET adjust resolution 
and a GAIN adjust resolution of 30pV to 50pV per LSB 
step. 


Nominal values of GAIN and OFFSET occur when the D/A 
converters outputs are at approximately half scale, +5V. 

OUTPUT VOLTAGE RANGE CONNECTIONS 

The DAC712 output amplifier is connected internally for the 
±10V bipolar (20V) output range. That is, the bipolar offset 
resistor is connected to an internal reference voltage and the 
20V range resistor is connected internally to V OUT . DAC712 
cannot be connected by the user for unipolar operation. 


DIGITAL INTERFACE 

BUS INTERFACE 

DAC712 has 16-bit double-buffered data bus interface with 
control lines for easy interface to interface to a 16-bit bus. I 
The double-buffered feature permits update of several D/Asl 
simultaneously. 



Sense 

Output 


NOTE: (1) Locate close to OAC712 package. 


FIGURE 5. System Ground Considerations for High-Resolution D/A Converters. 


mm 
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D/A, it should be connected to DCOM also. For this mode 
of operation, the width of WR will need to be at least 80ns 
minimum to pass data through the DATA INPUT LATCH 
and into the D/A LATCH. 

TRANSPARENT INTERFACE 

The digital interface of the DAC 712 can be made transpar- 
ent by asserting A 0 , A,, and WR LOW, and asserting CLR 
HIGH. 



FIGURE 6. Manual Offset and Gain Adjust Circuits. 


A 0 is the enable control for the D ATA INPUT LATCH. A 1 
is the enable for the D/A LATCH. WR is used to strobe data 
into latches enabled by A 0 , and Aj. Refer to the block 
diagram of Figure 1 and to Timing Diagram on page 3. 

CLR sets the INPUT DATA LATCH to all zero and the 
D/A LATCH to a code that gives bipolar 0V at the D/A 
output. 

SINGLE-BUFFERED OPERATION 

To operate the DAC712 interface as a single-buffered latch, 
the DATA INPUT LATCH is permanently enabled by 
connecting A 0 to DCOM. If A : is not used to enable the 
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DAC7800: Dual: Serial Input, 12-bit Resolution 
DAC7801 : Dual: 8-bit Port Input, 12-bit Resolution 
DAC7802: Dual: 12-bit Port Input, 12-bit Resolution 
DAC7528: Dual: 8-bit Port Input, 8-bit Resolution 
DAC7545: Dual: 12-bit Port Input, 12-bit Resolution 
DAC8043: Single: Serial Input, 12-bit Resolution 

BIPOLAR (complete) 

DAC813 (Use 1 1-bit resolution for OV to +10V output. No op amps required). 


FIGURE 7. Gain and Offset Adjustment Using D/A Converters. 
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DAC713 


PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


16-Bit DIGITAL-TO-ANALOG CONVERTER 
With 8-Bit Double-Buffered Bus Interface 

FEATURES DESCRIPTION 


• HIGH-SPEED 8-BIT PARALLEL 
DOUBLE-BUFFERED INTERFACE 

• VOLTAGE OUTPUT: ±10V, ±5V, 0 to +10V 

• 13-, 14-BIT LINEARITY GRADES 

• 14-BIT MONOTONIC OVER 
TEMPERATURE (B GRADE) 

• GAIN AND OFFSET ADJUST: 

Convenient for Auto-Cal D/A Converters 

• SPECIFIED OVER -40°C TO +85°C 

• 24-LEAD SKINNY DIP AND SOIC 
PACKAGES 


DBO DB7 

DB8 DB15 


DAC713 is a complete 16-bit resolution monolithic 
digital-to-analog converter. 

DAC713 has precision temperature compensated volt- 
age reference, voltage output amplifier and 8-bit port 
bus interface. 

The digital interface is fast, 60ns minimum write pulse 
width, is double-buffered and has a RESET function. 
GAIN and BIPOLAR OFFSET adjustment are ar- 
ranged so that they can be set by external digital-to- 
analog converters as well as by potentiometers. 
DAC713 is available in two linearity error grades: 
±4LSB DAC713P and U, ±2LSB DAC713PB and 
UB, and are specified at power supply voltages of 
±12V and±15V. 

DAC713 is packaged in a 24-pin plastic skinny-DIP 
and in a wide-body 24-lead plastic SOIC. DAC713 is 
specified over -40°C to +85°C. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, +V CC = +12V and +15V, -V cc = -12V and -15V unless otherwise noted. 



DAC713P, U 

DAC713PB, UB 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT | 

RESOLUTION 

16 



* 



Bits 

DIGITAL INPUTS 








Input Code 

Binary Two’s Complement 


* 



Logic Levels* 1 ) 








V, H 

+2.0 


+ V<x 

* 


* 

V 

V IL 

0 


+0.8 

* 


* 

V 

l. H (V, - +2.7V) 



±10 



* 

pA 

l|L (V, = +0.4V) 



±10 



* 

PA 

TRANSFER CHARACTERISTICS | 

ACCURACY 








Linearity Error 



±4 



±2 

LSB 

Tmin t0 Tmax 



±8 



±4 

LSB 

Differential Linearity Error 



±4 



±2 

LSB 

Tmin to T max 



±8 



±4 

LSB 

Monotonicity Over 








Tmin to T max 

13 



14 



Bits 

Gain Error* 3 ) 



±0.1 



* 

% 

Tmin to T max 



±0.25 



±0.02 

% 

Unipolar/Bipolar Zero Error* 3 ) 



±0.1 



* 

% of FSR* 2 ) 

Tmin to T max 



±0.2 



±0.15 

% of FSR 

Power Supply Sensitivity of Gain 



+0.003 



* 

%FSR/%+V cc 




±30 



* 

ppm FSR/%V CC 

DYNAMIC PERFORMANCE 








Settling Time (to ±0.003%FSR, 5kO || 500pF Load)* 4 ) 







20V Output Step 


6 



* 

10 

ps 

1 LSB Output Step* 5 ) 


4 



* 


ps 

Output Slew Rate 


10 



* 


V/ps 

Total Harmonic Distortion 








OdB, 1001Hz, f s = 100kHz 


0.005 





% 

-20dB, 1001Hz, f s = 100kHz 


0.03 



* 


% 

-60dB, 1001Hz, f s = 100kHz 


3.0 



* 


% 

SINAD: 1001Hz, f s = 100kHz 


87 



* 


dB 

Digital Feedthrough* 5 ) 


2 



* 


nV-s 

Digital-to-Analog Glitch Impulse* 5 ) 


15 



* 



Output Noise Voltage (includes reference) 


120 



* 


nV/VHz 

ANALOG OUTPUT 








Output Voltage Range 








+V CC > -Vcc «±1 1.4V 

±10 



* 



V 

Output Current 

±5 



* 



mA 

Output Impedance 


0.1 



* 


Q 

Short Circuit to ACOM Duration 


Indefinite 



* 



REFERENCE VOLTAGE 








Voltage 

+9.975 

+10.000 

+10.025 

* 

* 

* 

V 

Tmin to T max 

+9.960 


+10.040 

* 


* 

V 

Output Resistance 


1 



* 


Q 

Source Current 

2 



* 



mA 

Short Circuit to ACOM Duration 


Indefinite 



* 



POWER SUPPLY REQUIREMENTS 








Voltage 








+V C c 

+11.4 

+15 

+16.5 

* 

* 

* 

V 

-Vcc 

-11.4 

-15 

-16.5 

* 

* 

* 

V 

Current (No Load, ±15V Supplies) 








+v cc 


15 

TBD 


* 

* 

mA 

“ v cc 


24 

TBD 


* 

* 

mA 

Power Dissipation* 6 ) 



TBD 



* 

W 

TEMPERATURE RANGES 








Specification 

-40 


+85 

* 


* 

°C 

Storage 

-60 


+150 

* 


* 

°C 

Thermal Coefficient, 0 JA 








Plastic DIP 


75 



* 


°C/W 

Plastic SOIC 


75 



* 


°C/W 


‘Same specification as grade to the left. 

NOTES: (1) Digital inputs are TTL and +5V CMOS compatible over the specification temperature range. (2) FSR means Full Scale Range. For example, for ±10V 
output, FSR = 20V. (3) Errors externally adjustable to zero. (4) Maximum represents the 3a limit. Not 100% tested for this parameter. (5) For the worst-case code 
changes: FFFF HEX to 0000 HEX and 0000 HEX to FFFF HEX . (6) Typical supply voltages times maximum currents. 
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PIN CONFIGURATION 


For Immediate Assistance, Contact Your Local Salesperson 


N 


DIP AND ! 

A2 pT 


ICO 

lo 

nr 

AO | 2 


23 | WR 

A1 | 3 


22 | CLR 

D7/D15 | 4 


3 - v cc 

D6/D14 |_5_ 


£°] +v co 

D5/D13 |_6_ 

DAC713 

19| Gain Adjust 

D4/D12 pT 


18 1 V RE fout 

D3/D11 |jT 


17 | Offset Adjust 

D2/D10 QT 


16 1 r bpo 

D1/D9 pp 


15 1 R FB2 

D0/D8 pi] 


P3 V °ut 

DCOM pp 


~13~| ACOM 


ABSOLUTE MAXIMUM RATINGS 


+V CC to COMMON OV to +1 7V 

-V cc to COMMON OV to -17V 

+V C c to -V cc 34V 

Digital Inputs to COMMON -IV to +V C c 

External Voltage Applied to BPO and Range Resistors ±V CC 

V R e F out Indefinite Short to COMMON 

V OUT Indefinite Short to COMMON 

Power Dissipation 750mW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

LINEARITY ERROR 
max at +25°C 

TEMPERATURE 

RANGE 

DAC713P 

Plastic DIP 

■ 

-40°C to +85°C 

DAC713U 

Plastic SOIC 

■ 

-40°C to +85°C 

DAC713PB 

Plastic DIP 


-40°C to +85°C 

DAC713UB 

Plastic SOIC 


-40°C to +85°C 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC713P 

Plastic DIP 

243 

DAC713U 

Plastic SOIC 

239 

DAC713PB 

Plastic DIP 

243 

DAC713UB 

Plastic SOIC 

239 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TIMING SPECIFICATIONS 

T a = -40°C to +85°C, +v cc = +1 2 V or +1 5V, -V cc = -1 2V or -1 5V 



PARAMETER 


139 


^DW 

Data Valid to End of WR 

80 


ns 

tcs 

CS Valid to End of WR 

80 


ns 

t AW 

AO, A1 , A2: Valid to End of WR 

80 


ns 

*dh 

Data Hold After End of WR 

10 


ns 

t AH 

AO.^I, - ^ HOLD after End of WR 

10 


ns 

W 

Write Pulse Width 

80 


ns 

^CP 

CLEAR Pulse Width 

150 


ns 


TIMING DIAGRAM 








K9 


E 9 

MM 

A2 

WR 

H | 

DESCRIPTION 

0 

i 

1 

1-»0-»1 

0 

1 

Load LOW Byte 

1 

0 

1 

1-»0->1 

0 

1 

Load HIGH Byte 

1 

1 

0 

1->0->1 

0 

1 

Load D/A Latch 

X 

X 

X 

X 

1 

1 

No Change 

X 

X 

X 

1 

X 

1 

No Change 

JLj 

X 

X 

X 

X 

0 

RESET D/A Latch 

NOTE: X = Don’t Care. | 


1-800-548-6132 (USA Only) 


TIMING DIAGRAM 
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For Immediate Assistance, Contact Your Local Salesperson 


BURR - BROWN 0 



DAC714 



PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


16-Bit DIGITAL-TO-ANALOG CONVERTER 
With Serial Data Interface 


FEATURES: 

• SERIAL DIGITAL INTERFACE 

• VOLTAGE OUTPUT: +10V, ±5V, 0 to +10V 

• POWER DISSIPATION: 600mW max 

• 13-, 14-BIT LINEARITY GRADES 

• 14-BIT MONOTONIC OVER 
TEMPERATURE (B GRADE) 

• GAIN AND OFFSET ADJUST: 

Convenient for Auto-Cal D/A Converters 

• SPECIFIED OVER -40°C TO +85°C 

• 16-LEAD SKINNY DIP AND WIDE BODY 
SOIC PACKAGES 


DESCRIPTION 

DAC714 is a complete monolithic D/A converter. A 
precision +10V temperature compensated voltage ref- 
erence, ±10V voltage output amplifier and serial inter- 
face. 

The serial digital interface is fast, 60ns max minimum 
write pulse width, and has a RESET function. 

GAIN and BIPOLAR OFFSET adjustment are ar- 
ranged so that they can be set by external D/A convert- 
ers as well as by potentiometers. 

DAC714 is available in two linearity error perfor- 
mance grades: ±4LSB DAC714P and U, ±2LSB 
DAC714PB and UB, and are specified at power sup- 
ply voltages of ±12V and ±15V. 

DAC714 is packaged in a 16-pin plastic skinny-DIP 
and in a 16-lead wide-body plastic SOIC. DAC714 is 
specified over -40°C to +85°C. 


A 0 U 





Input Shift Register 

SDI O 




CLRO 



D/A Latch 




Reference 

Circuit 

~1 

\ 

16-Bit D/A Converter 

- - - -- . ... -. -- V 


Gain ^refout ^bpo Offsst Adjust 

Adjust +10V 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, +V CC = +12V and +15V, -V cc = -12V and -15V unless otherwise noted. 



DAC714P, U 

DAC714PB, UB 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT 


RESOLUTION 


16 



* 


Bits 

DIGITAL INPUTS 








Serial Data Input Code 

Binary Two’s Complement 


* 



Logic Levels! 1 ) 








V, H 

+2.0 


+V cc 

* 


* 

V 

V, L 

0 


+0.8 

* 


* 

V 

l IH (V, = +2.7V) 



±10 



* 

pA 

l IL (V, = +0.4V) 



±10 



* 

pA 

DIGITAL OUTPUT 








Serial Data 








Vol ('sink = "1 -6mA) 

0 


+0.4 

* 


* 

V 

Vqh ('source = 500|xA) 

+2.4 


+5 

* 


* 

V 

| TRANSFER CHARACTERISTICS | 


ACCURACY 








Linearity Error 



±4 



±2 

LSB 

Tmin t0 Tmax 



±8 



±4 

LSB 

Differential Linearity Error 



±4 



±2 

LSB 

Tmin to T max 



±8 



±4 

LSB 

Monotonicity Over Spec Temp Range 

13 



14 



Bits 

Gain Error! 3 ) 



±0.1 



* 

% 

Tmin t0 t max 



±0.25 



±0.2 

% 

Unipolar/Bipolar Zero Error! 3 ) 



±0.1 



±0.1 

% of FSR! 2 ) 

t min to t max 



±0.2 



±0.15 

% of FSR 

Power Supply Sensitivity of Gain 



±0.003 



* 

%FSR/%+V cc 




±30 



* 

ppm FSR/%V CC 

DYNAMIC PERFORMANCE 








Settling Time (to ±0.003%FSR, 5kQ || 500pF 

i 

o 

_i 







20V Output Step 


6 



* 

10 

ps 

1 LSB Output Step! 5 ) 


4 



* 


ps 

Output Slew Rate 


10 



* 


V/ps 

Total Harmonic Distortion 








OdB, 1001Hz, f s = 100kHz 


0.005 



* 


% 

-20dB, 1001Hz, f s = 100kHz 


0.03 



* 


% 

-60dB, 1001Hz, f s = 100kHz 


3.0 



* 


% 

SINAD: 1001Hz, f s = 100kHz 


87 



* 


dB 

Digital Feedthrough! 5 ) 


2 



* 


nV-s 

Digital-to-Analog Glitch Impulse* 5 ) 


15 



* 


nV-s 

Output Noise Voltage (includes reference) 


120 



* 


nV/VFfz 

ANALOG OUTPUT 








Output Voltage Range 








+V C c. -V cc = ±11 -4V 

±10 



* 



V 

Output Current 

±5 



* 



mA 

Output Impedance 


0.1 



* 


Q 

Short Circuit to ACOM Duration 


Indefinite 



* 



REFERENCE VOLTAGE 








Voltage 

+9.975 

+10.000 

+10.025 

* 

* 

* 

V 

Tmin t0 Tmax 

+9.960 


+10.040 

* 


* 

V 

Output Resistance 


1 



* 


Q 

Source Current 

2 



* 



mA 

Short Circuit to ACOM Duration 


Indefinite 



* 



POWER SUPPLY REQUIREMENTS 








Voltage 








+v cc 

+ 11.4 

+15 

+16.5 

* 

* 

* 

V 

-V cc 

-11.4 

-15 

-16.5 

* 

* 

* 

V 

Current (No Load, ±15V Supplies) 








+v cc 


13 

TBD 


* 

* 

mA 

-V cc 


22 

TBD 


* 

* 

mA 

Power Dissipation* 6 ) 



TBD 



* 

W 

TEMPERATURE RANGES 








Specification 




j 




All Grades 

-40 


+85 

* 


* 

°C 

Storage 

-60 


+150 

* 


* 

°C 

Thermal Coefficient, 0 JA 


75 





°C/W 


‘Same specification as grade to the left. 


NOTES: (1) Digital inputs are TTL and +5V CMOS compatible over the specification temperature range. (2) FSR means Full Scale Range. For example, for±10V 
output, FSR = 20V. (3) Errors externally adjustable to zero. (4) Maximum represents the 3a limit. Not 100% tested for this parameter. (5) For the worst-case Binary 
Two’s Complement code changes: FFFF HEX to 0000 HEX and 0000 HEX to FFFF HEX . (6) Typical (i.e. rated) supply voltages times maximum currents. 
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PIN CONFIGURATION 


For Immediate Assistance, Contact Your Local Salesperson 


Top View 



ELECTROSTATIC 
DISCHARGE SENSITIVITY 


ABSOLUTE MAXIMUM RATINGS 


+V CC to COMMON OV to +1 7V 

-V cc to COMMON OV to -17V 

+V CC to -V cc 34V 

Digital Inputs to COMMON -1 V to +V CC 

External Voltage Applied to BPO and Range Resistors ±V CC 

Vrefout Indefinite Short to COMMON 

V 0UT Indefinite Short to COMMON 

Power Dissipation 750mW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

LINEARITY ERROR 
max at +25°C 

TEMPERATURE 

RANGE 

DAC714P 

Plastic DIP 

±4 

— 40°C to +85°C 

DAC714U 

Plastic SO 1C 

±4 

-40°C to +85°C 

DAC714PB 

Plastic DIP 

±2 

-40°C to +85°C 

DAC714UB 

Plastic SOIC 

±2 

-40°C to +85°C 


Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

ESD damage can range from subtle performance degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible to damage because very small 
parametric changes could cause the device not to meet 
published specifications. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC714P 

Plastic DIP 

180 

DAC714U 

Plastic SOIC 

211 

DAC714PB 

Plastic DIP 

180 

DAC714UB 

Plastic SOIC 

211 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 


Burr-Brown 1C Data Book — Data Conversion Products 


mm 


3.94 








TIMING SPECIFICATIONS 

T a = -40°C to +85°C, +V rr = +12V or +15V, 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 

TRUTH TABLE 





QQJI 


Data Clock Period 

120 


ns 

Clock LOW 

60 


ns 

Clock HIGH 

60 


ns 

Setup Time for A 0 

60 


ns 

Setup Time for A 1 

60 


ns 

Hold Time for A, 

0 


ns 

Setup Time for DATA 

60 


ns 

Hold Time for DATA 

10 


ns 

Hold Time for \ 

0 


ns 

Output Propogation Delay 

140 


ns 


A 0 

a; 

CLK 

CLR 

DESCRIPTION 

0 

i 

1 0 -> 1 

1 

Shift Serial Data into SDI 

1 

0 

1 -> 0 -> 1 

1 

Load D/A Latch 

1 

1 

1 -> 0 -» 1 

1 

No Change 

0 

0 

1 -» 0 -> 1 

1 

Two Wire Operation* 1 ) 

X 

X 

1 

1 

No Change 

X 

X 

X 

0 

Reset D/A Latch 

NOTES: X = Don’t Care. (1) All digital input change will appear at the 
output. 


TIMING DIAGRAMS 
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For Immediate Assistance, Contact Your Local Salesperson 




Dual 16 -Bit 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• COMPLETE DUAL V 0UT DAC 

• DOUBLE-BUFFERED INPUT REGISTER 

• HIGH-SPEED DATA INPUT: 

Serial or Parallel 

• HIGH ACCURACY: ±0.003% Linearity Error 

• 14-BIT MONOTONICITY OVER 
TEMPERATURE 

• PLASTIC PACKAGE 

• CLEAR INPUT TO SET ZERO OUTPUT 


DESCRIPTION 

The DAC725 is a dual 16-bit DAC, complete with 
internal reference and output op amps. The DAC725 is 
designed to interface to an 8-bit microprocessor bus, 
but can also be interfaced to wider buses. The hybrid 
construction minimizes the digital feedthrough typi- 
cally associated with products that combine the digital 
bus interface circuitry with high-accuracy analog cir- 
cuitry. 

The 16-bit data word is loaded into either of the DACs 
in two 8-bit bytes per 16-bit word. The versatility of 
the control lines allows the data word to be directed to 
either DAC, in any order. The voltage-out DACs are 
dedicated to a bipolar output voltage of ±10V. The 
output is immediately set to 0V when the Clear com- 
mand is given. This feature, combined with the bus 
interfacing and complete DAC circuitry, makes the 
DAC725 ideal for automatic test equipment, power 
control, servo systems, and robotics applications. 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602)889-1510 • Immediate Product Info: (800) 548-6132 



3.96 


PDS-757D 


BURR - BROWN 











Or, Call Customer Service at 1-800-548-6132 (USA Only) 

SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, V cc = ±15V, and after a 10-minute warm-up unless otherwise noted. 



DAC725JP 

DAC725KP 


PARAMETER 

MIN 

Typ 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT j 

DIGITAL INPUT 

Resolution 



16 



* 

Bits 

Bipolar Input Code 

Binary Twos Complement 


* 



Logic Levels* 1 ); V| H 

+2 


+5.5 

* 


* 

V 

V IL 

-1 


+0.8 

* 


* 

V 

l IH (V, = +2.7V) 



1 



* 

pA 

l IL (V, = +0.4V) 



1 




pA 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Linearity Error 


±0.003 

±0.006 


±0.0015 

±0.003 

% of FSR* 2 ) 

Differential Linearity Error* 3 ) 


±0.0045 

±0.012 


0.003 

±0.006 

% of FSR 

At Bipolar Zero: KP* 3 - 4 > 





±0.003 

±0.006 

% of FSR 

Gain Error* 5 ) 


±0.07 

±0.2 


* 

±0.15 

% 

Bipolar Zero Error* 5 ) 


±0.05 

±0.1 


* 

* 

% of FSR 

Montonicity Over Specified Temp. Range 

13 



14 



Bits 

Power Supply Sensitivity: +V CC , -V cc 


±0.0015 

±0.006 



* 

% of FSR/%V CC 

o 

o 

> 


±0.0001 

±0.001 



★ 

% of FSR/%V dd 

DRIFT (Over Specified Temperature Range) 
Gain Drift 


±10 



* 

±25 

ppm/°C 

Bipolar Zero Drift 


±5 




±12 

ppm of FSR/°C 

Differential Linearity Over Temperature* 3 ) 


±0.0045 

±0.012 


±0.003 

±0.006 

% of FSR 

Linearity Error Over Temperature* 3 ) 



±0.012 



±0.006 

% of FSR 

SETTLING TIME (to ±0.003% of FSR)* 6 ) 

20V Step (2kQ load) 


4 



* 

8 

ps 

1 LSB Step at Worst-Case Code* 7 ) 


2.5 



* 

4 

ps 

Slew Rate 


10 



* 


V/ps 

| OUTPUT | 

Output Voltage Range* 8 ) 

±10 



* 



V 

Output Current 

±5 



* 



mA 

Output Impedance 


0.15 



* 


Q 

Short Circuit to Common Duration 


Indefinite 



* 



| POWER SUPPLY REQUIREMENTS | 

Voltage: +V CC 

+11.4 

+15 

+16.5 

* 

* 

* 

V 

~ v cc 

-11.4 

-15 

-16.5 

* 

* 

* 

V 

V DD 

+4.5 

+5 

+5.5 

* 

* 

* 

V 

Current (No load, ±15V supplies): +V CC 


+29 

+35 


* 

* 

mA 

_v cc 


-35 

-40 


* 

* 

mA 

V DD 


+6 

+10 


* 

* 

mA 

Power Dissipation (±1 5V supplies) 


920 

1175 


* 

* 

mW 

| TEMPERATURE RANGE | 

Specification 

0 


+70 

* 


* 

°C 

Storage 

-60 


+150 




°C 


‘Specification same as model to the left. 


NOTES: (1) Digital inputs are TTL, LSTTL, 54/74HC and 54/74HTC compatible over the specification temperature range. (2) FSR means Full-Scale Range. For 
example, for ±10V output, FSR = 20V. (3) ±0.0015% of FSR is equal to 1LSB in 16-bit resolution. ±0.003% of FSR is equal to 1LSB in 15-bit resolution. ±0.006% 
of FSR is equal to 1LSB in 14-bit resolution. (4) Error at input code 0000 H (BTC). (5) Adjustable to zero with external trim potentiometer. Adjusting the gain 
potentiometer rotates the transfer function around the bipolar zero point. (6) Maximum represents the 3 a limit. Not tested for this parameter. (7) The bipolar worst- 
case code change is FFFF H to 0000 H (BTC). (8) Minimum supply voltage for ±10V output swing is approximately ±13V. Output swing for ±12V supplies is at least 
±9V. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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CONNECTION DIAGRAM 


PIN DESCRIPTIONS 


CLR |T 

V DD ["2 

[T 
^ [T 
QT 

D 7 (D 15 ) |T 

d 6 (d u ) \Z_ 
d 5 (d 13 ) [±_ 
d 4 (d 12 ) [T 
D 3 (Dh) 

D 2 (D 10 ) |]T 
□i (Dg) [l£ 

D 0 (D 8 ) [13 

DCOM |~14~ 



ABSOLUTE MAXIMUM RATINGS 


V DD to COMMON OV, +15V 

+V CC to COMMON OV, +18V 

-V cc to COMMON OV, -18V 

Digital Data Inputs to COMMON -0.5V, V DD + 0.5 

DC Current any Input ±10mA 

Reference Out to COMMON Indefinite Short to COMMON 

V 0UT Indefinite Short to COMMON 

External Voltage Applied to R F ±18V 

External Voltage Applied to D/A Output ±5V 

Power Dissipation 2000mW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) 300°C 

NOTE: These devices are sensitive to electrostatic discharge. Appropriate 
I.C. handling procedures should be followed. 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. Exposure to absolute maximum condi- 
tions for extended periods may affect device reliability. 


ORDERING INFORMATION 



LINEARITY ERROR 

TEMPERATURE 

MODEL 

max (% of FSR) 

RANGE 

DAC725JP 

±0.012 

0°C to +70°C 

DAC725KP 

±0.006 

0°C to +70°C 


~2s] GA (A) 

27~| SJ (A) 

~ 1 ACOM 
(A) 

25] V out (A) 
24~j WR (A) 
23] CS (A) 
22] -v cc 
21] +v cc 
20] CS (B) 
"l9~l WR(B) 
Tb] GA(B) 

~\t] SJ (B) 

“71 ACOM 
^ (B) 

V out (B) 


DESIGNATOR 


CLR 


DESCRIPTION 


12 D 1 (D 9 ) 

13 D 0 (D 8 ) 

14 DCOM 

15 V 0UT (B) 

16 ACOM (B) 

17 SJ (B) 


19 WR (B) 

20 CS (B) 


23 CS (A) 

24 WR (A) 

25 V 0UT (A) 

26 ACOM (A) 

27 SJ (A) 

28 GA (A) 


PACKAGE INFORMATIONS 


DAC725JP 

DAC725KP 


28-Pin Plastic DIP 
28-Pin Plastic DIP 


Clear line. Sets the D/A 
register to 0000 HEX , 
which gives bipolar zero 
on the D/A output. 

Logic supply (+5V). 

Latch enable for D/A latch 
(active low). 

Latch enable for “low byte” 
input (active low). 

Latch enable for “high byte” 
input (active low). 

Input for data bit 7 if en- 
abling low byte (LB) latch, 
or data bit 15 if enabling 
the high byte (HB) latch. 

Input for data bit 6 if en- 
abling LB latch, or data bit 
14 if enabling HB latch. 

Data bit 5 (LB) or data bit 
13 (HB). 

Data bit 4 (LB) or data bit 
12 (HB). 

Data bit 3 (LB) or data bit 
11 (HB). 

Data bit 2 (LB) or data bit 
10 (HB). 

Data bit 1 (LB) or data bit 9 
(HB). 

Data bit 0 (LB) or data bit 
8 (HB). 

Digital common. 

Voltage output for DAC B. 

Analog common for DAC B. 

Summing junction of the in- 
ternal op amp for DAC B. 

Gain adjust pin for DAC B. 

Write control line for DAC B. 

Chip select control line for 
DAC B. 

Positive supply voltage 
(+15V). 

Negative supply voltage 
(-15V). 

Chip select control line for 
DAC A. 

Write control line for DAC A. 

Voltage output for DAC A. 

Analog common for DAC A. 

Summing junction of the in- 
ternal op amp for DAC A. 

Gain adjust pin for DAC A. 


PACKAGE DRAWING 
NUMBER 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC725 accepts positive-true binary twos complement 
input code, as shown in Table I. The data is loaded into 
either DAC, 8 bits at a time. The data may also be clocked 
into the device in a serial format. 


DIGITAL INPUT CODES 

ANALOG OUTPUT 
(Binary Two's Complement, 
Bipolar Operation, All Models) 

7FFF h 

+ Full Scale 

0000 h 

Zero 

FFFF h 

- 1LSB 

8000 h 

- Full Scale 


TABLE I. Digital Input Codes. 


ACCURACY 

Linearity 

This specification describes one of the most important mea- 
sures of performance of a D/A converter. Linearity error is 
the deviation of the analog output from a straight line drawn 
through the end points (minus full-scale point and plus full- 
scale point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is the 
deviation from an ideal 1LSB change in the output when the 
input changes from one adjacent code to the next. A differ- 
ential linearity error specification of ±1/2LSB means that the 
output step size can be between 1/2LSB and 3/2LSB when 
the input changes between adjacent codes. A negative DLE 
specification of -1LSB maximum (-0.006% for 14-bit reso- 
lution) insures monotonicity. 

Monotonicity 

Monotonicity assures that the analog output will increase or 
remain the same for increasing input digital codes. The 
DAC725 is specified to be monotonic to 14 bits over the 
entire specification range. 

DRIFT 

Gain Drift 

Gain drift is a measure of the change in full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppm/°C). Gain drift is established by: 

(1) testing the end point differences at t MIN , +25°C and t MAX , 

(2) calculating the gain error with respect to the +25°C 
value, and 

(3) dividing by the temperature change. 

The DAC725 is specified for Maximum Gain and Offset 
values at temperature. This tells the system designer the 
maximum that can be expected over temperature, regardless 
of room temperature values. 


Zero Drift 

Zero drift is a measure of change in the output with 0000 H 
applied to the D/A converter inputs over the specified 
temperature range. This code corresponds to 0V analog 
output. 

The maximum change in offset at t MIN or t MAX is referenced 
to the zero error at +25 °C and is divided by the temperature 
change. This drift is expressed in FSR/°C. 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its final 
value after a change in digital input. Refer to Figure 1 for 
typical values for this family of products. 



0.1 1 10 100 
Settling Time (ps) 


FIGURE 1. Final-Value ErrorBand Versus Full-Scale Range 
Settling Time. 

Settling times are specified to ±0.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (±10V), and a 1LSB change at the “major 
carry,” the point at which the worst-case settling time 
occurs. This is the worst-case point since all of the input bits 
change when going from one code to the next. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is defined as a percent of FSR change in the output 
per percent of change in either the positive supply (+V CC ), 
negative supply (-V cc ) or logic supply (V DD ) about the 
nominal power supply voltages (see Figure 2). It is specified 
for DC or low frequency changes. The typical performance 
curve in Figure 2 shows the effect of high frequency changes 
in power supply voltages. 
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FIGURE 2. Power Supply Rejection Versus Power Supply 
Ripple Frequency. 


OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in the 
Connection Diagram. lpF to lOpF tantalum capacitors should 
be located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external zero 
and gain potentiometers. Connect these potentiometers as 
shown in the Connection Diagram and adjust as described 
below. TCR of the potentiometers should be 100ppm/°C or 
less. The 3.9MO and 270k£2 resistors (±20% carbon or 
better) should be located close to the D/A converter to 


Gain Adjustment 

To adjust the gain of the DAC725, set the DAC to 7FFF H for 
both DACs. Adjust the gain of each DAC to obtain the full 
scale voltage of +9.99969V as shown in Table II. 


DIGITAL 

INPUT 

BIPOLAR OUTPUT, ±10V 

UNITS 

CODE 

16 Bits 

15 Bits 

14 Bits 

One LSB 

305 

610 

1224 

HV 

7FFF h 

+9.99969 

+9.99939 

+9.99878 

V 

8000 h 

-10 

-10 

-10 

V 


TABLE II. Digital Input Codes. 


INTERFACE LOGIC AND TIMING 

The control logic functions are chip select (CS A or CS B ), 
write (WR a or WR B ), latch enable (A 0 , A 1? A 2 ), and clear 
(CLR). These pins provide the control functions for the micro- 
processor interface. There is a write and a chip select for both 
DAC a and for DAC B channels. This allows the 8-bit data 
word to be latched from the data bus to the input latch or 
from the input latch to the DAC latch, of DAC a , DAC b , or 
both. 


A 0 A t 

A 2 WR (A) 

CS (A) 

DESCRIPTION 

1 1 

0 0 

0 

DAC latch enabled, Channel A 

1 0 

1 0 

0 

Input latch high byte enabled, Channel A 

1 0 

0 0 

0 

High byte flows through to DAC, Channel A 

0 1 

1 0 

0 

Low byte latched from data bus, Channel A 

0 1 

0 0 

0 

Low byte flows through to DAC, Channel A 

0 0 

1 1 

1 

Serial input mode for byte latches 

X X 

X 1 

0 

No data is latched 

X X 

X 0 

1 

No data is latched 

“1” or “0” 

indicates TTL Logic Level Channel A shown. j 


TABLE III. Truth Table of Data Transfers. 




prevent noise pickup. If it is not convenient to use these 
high-value resistors, an equivalent “T” network, as shown in 
Figure 3, may be substituted in place of the 3.9MQ resistor. 
A 0.001 pF to 0.0 lpF low-leakage film capacitor should be 
connected from Gain Adjust to Analog Common to prevent 
noise pickup. Refer to Figure 4 for relationship of Offset and 
Gain adjustments. 



FIGURE 3. Equivalent Resistances. 


Zero Adjustment 

By loading the code 0000 H , the DAC will force 0V. Offset 
is adjusted by using the circuit of Figure 5. An alternate 



method would be to use the CLR control to set the DAC to FIGURE 4. Relationship of Zero and Gain Adjustments 
0V. Zero calibration should be made before gain calibration. f or t ^ e DAC725. 
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The latch enable lines control which latch is being loaded. 

Line A! in combination with WR and CS enables the high 
byte of the DAC channel to be latched through the byte latch. 

The A 0 line, in conjunction with the WR and CS, latches the 
data for the low byte. When A 2 , CS, and WR are low at the 
same time, the data is latched through the D/A latch and the 
DAC changes output voltage. Each latch may be made 
transparent by maintaining its enable signal at logic “0”. 

The serial data mode is activated when both A 0 and Aj are 
at logic low simultaneously. The data (MSB first) is clocked 
in to pin 13 with clock pulses on the WR pin. The data is 
then latched through to the DAC as a complete 16-bit word 
selected by A 2 . 

The CLR line resets both input latches to all zeros and sets 
the DAC latch to 0000 H . This is the binary code that gives 
a null, or zero, at the output of the DAC. 

The maximum clock rate of the latches is 10MHz. The 
minimum time between the write (WR) pulses for succes- 
sive enables is 20ns. In the serial input mode, the maximum 
rate at which data can be clocked into the input shift register 
is 10MHz. The timing of the control signals is given in 
Figure 6. 




FIGURE 5. Connections for Gain and Offset Adjust. 
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FIGURE 6. Logic Timing Diagram. 
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INSTALLATION APPLICATIONS 


Because of the extremely high accuracy of the D/A con- 
verter, system design problems such as grounding and con- 
tact resistance become very important. For a 16-bit con- 
verter with a +10V full-scale range, 1LSB is 153fiV. With a 
load current of 5mA, series wiring and connector resistance 
of only 30mD will cause the output to be in error by 1LSB. 
To understand what this means in terms of a system layout, 
the resistance of typical loz copper-clad printed circuit 
board material is approximately l/2mQ per square mil. In 
the example above, a lOmil-wide conductor 60mil long 
would cause a 1LSB error in R 2 and R 3 of Figure 7. 

In Figure 7, lead and contact resistances are represented as 
R 2 through R^. As long as the load resistance (R L ) remains 
constant, the resistances of R 2 and R 3 will appear as gain 
errors when the output is sensed across the load. If the output 
is sensed at the DAC725 output terminal and the system 
analog common, R 2 and R 3 appear in series with R L . R 4 has 
a current through it that varies by only 1% of the nominal 
2mA current for all code combinations. This IR drop causes 
an offset error, and is calibrated out as an offset error. 

The current through the digital common varies directly with 
the digital code that is loaded into the DAC. The current is 
not the same for each code. If this IR drop is allowed to 
modulate the analog common, there may be code-dependent 
errors in the analog output. 

The IR drop across R 6 may cause accuracy problems if the 
analog commons of several circuits are “daisy chained” 
along the power supply analog common. All analog sense 
lines should be referenced to the system analog common. 


WAVEFORM GENERATION 

The DAC725 has attributes that make it ideal for very low 
distortion waveform synthesis. Due to special design tech- 
niques, the feedthrough energy is much lower than that 
found in other D/A converters available today. In addition to 
the low feedthrough glitch energy, the input logic will 
operate with data rates of 10MHz. This makes the DAC725 
ideal for waveform synthesis. 

PROGRAMMABLE POWER SUPPLIES 

The DAC725 is an excellent choice for programmable 
power supply applications. The DAC outputs may be pro- 
grammed to track or oppose each other. If the load is 
floating, and can be driven differentially, the dynamic range 
will be 17 bits, because the full-scale range doubles for the 
same sized LSB. The clear line (CLR) sets both DAC 
outputs to zero, and would be used at power-up to bring the 
system up in a safe state. The CLR line could also be used 
if an over-power state is sensed. 

ISOLATION 

The DAC725 can accept serial input data, which means that 
only six optoisolators are needed for two DACs. The data is 
clocked into the input latch using the WR pin. The 16-bit 
data word is latched into the DAC selected by A 2 . When A 0 
and Aj are simultaneously low, the serial mode is enabled. 



FIGURE 7. System Wiring Example. 


Burr-Brown IC Data Book-Data Conversion Products 


niBiiin 


3.102 








Or, Call Custom Service at 1-800-548-6132 ( USA Only) 



Ultra-High Resolution 
18-BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 16-BIT LINEARITY GUARANTEED 
(K Grade) 

• USER ADJUSTABLE TO 18-BIT 
LINEARITY 

• PRECISION INTERNAL REFERENCE 

• FAST SETTLING, LOW NOISE INTERNAL 
OP AMP 

• LOW DRIFT 

• HERMETIC 40-PIN CERAMIC PACKAGE 

• Ur OR V 0UT OPERATION 

DESCRIPTION 

The DAC729 sets the standard in very high accuracy 
digital-to-analog conversion. It is supplied from the 
factory at a guaranteed linearity of 16 bits, and is user- 
adjustable to 18-bit linearity (1LSB = FSR/262144). 

To attain this high level of accuracy, the design takes 
advantage of Burr-Brown’s thin-film monolithic DAC 
process, dielectric op amp process, hybrid capabilities, 
and advanced test and laser- trim techniques. 

The DAC729 hybrid layout is specifically partitioned 
to minimize the effects of external load-current- 
induced thermal errors. The op amp design consists of 
a fast settling precision op amp with a current buffer 
within the feedback loop. This buffer isolates the load 
from the precision op amp, which results in a fast 
settling (8ps to 16 bits) output. The standard 40-pin 
package offers full hermeticity, contributing to the 
excellent reliability of the DAC729. 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 

________ 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, V cc = ±15V, V DD = +5V, using internal reference op amp, unless otherwise noted. COB = ±10V FSR, CSB = OV to +10V FSR. 



DAC729JH 

DAC729KH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 








Resolution 


18 



* 


Bits 

Digital Inputs* 1 *: V IH 

+2.4 


+V L 

* 


* 

V 

v, L 

0 


+0.8 

* 


* 

V 

Iih > Vin = +2.7V 



+5 



* 

pA 

l IL > V| N = +0.4V 



-300 



* 

MA 

TRANSFER CHARACTERISTICS* 2 * | 

ACCURACY 








Linearity Error* 3 * 



±0.0015 



±0.00076 

% of FSR* 4 * 

Differential Linearity Error 



±0.003 



±0.0015 

% of FSR 

Gain Error* 5 * 


±0.05 

±0.10 


* 

* 

% 

Offset Error:* 5 *Voltage, COB* 6 * 


±5 

±10 


* 

* 

mV 

CSB* 6 * 


±3 

±5 


* 

* 

mV 

Current, COB 



±5 



* 

pA 

CSB 



±1 



* i 

pA 

Power Supply Sensitivity, Unipolar: ±15VDC 


±0.0001 

±0.0005 


* 

* 

% of FSR/%V s 

+5VDC 


±0.0001 

±0.0005 


* 

* 

% of FSR/%V s 

Bipolar Offset: ±1 5VDC 


±0.0004 

±0.0015 


* 

* 

% of FSR/%V s 

+5VDC 


±0.0001 

±0.0005 


* 

* 

% of FSR/%V s 

Bipolar Gain: ±1 5VDC 


±0.0005 

±0.0015 


* 

* 

% of FSR/%V s 

+5VDC 


±0.0001 

±0.0005 


* 

* 

% of FSR/%V s 

Output Noise (10Hz to 100kHz), Voltage: Bipolar Offset 


29 



* 


pVrms 

Bipolar Gain 


37 



* 


pVrms 

Current: Bipolar Offset 


2.9 



* 


nArms 

Bipolar Gain 


3 



* 


nArms 

Monotonicity (0°C to +70°C) 

15 

16 


16 

17 


Bits 

Differential Linearity Adjustment Resolution* 7 * 


18 



* 


Bits 

DRIFT (Over Specification Temperature Range) 








Gain Drift (Excluding Reference Drift) 


±3 

±5 


* 

* 

ppm/°C 

Offset Drift (Excluding Reference Drift): COB (Bipolar) 


±2 

±5 


* 

* 

ppm of FSR/°C 

CSB (Unipolar) 


±2 

±3 


* 

* 

ppm of FSR/°C 

Linearity Error (at 0°C and +70°C) 


±0.3 

±1 


±0.3 

±0.5 

ppm of FSR/°C 

Differential Linearity Error (at 0°C and +70°C) 


±0.5 

±2 


±0.5 

±1 

ppm of FSR/°C 

STABILITY, LONG TERM (at +25°C) 








Gain (Exclusive of Reference) 


±5 



±5 


ppm/1 OOOhr 

Offset: COB (Exclusive of Reference) 


±5 



±5 


ppm of FSR/1 OOOhr 

CSB 


±5 



±5 


ppm of FSR/1 OOOhr 

Linearity 


±2 



±2 


ppm of FSR/1 OOOhr 

Reference 


±5 



±5 


ppm/1 OOOhr 

OUTPUT | 

VOLTAGE OUTPUT MODE 

1 






Ranges: COB 

±2.5, ±5, ±10 




V 

CSB 

0 to +10, 0 to +5 


* 


V 

Output Current 

±5 



* 



mA 

Output Impedance 


0.15 



* 


Q 

Short Circuit Duration 

Indefinite to Corn 

mon 

Inde 

inite to Com 

mon 


CURRENT OUTPUT MODE 








COB Ranges 


±1 



* 


mA 

Output Impedance 


2.86 



* 


k£2 

CSB Ranges 


0 to -2 



* 


mA 

Output Impedance 


4.0 



* 


kQ 

Output Current Tolerance 



± 0.1 



* 

% of FSR 

Compliance Voltage 


-1 to +5 



* 


V 

SETTLING TIME (To ±0.00076% of FSR)* 8 * 








Voltage (Load = 2kQ || lOOpF): Full-Scale Step 


5 

8 


* 

* 

PS 

1 LSB Step (Major Carry)* 8 * 


4 

7 


* 

* 

PS 

Slew Rate 


20 



* 


V/ps 

Switching Transient Peak 


500 



* 


mV 

Switching Transient Energy 


0.45 



* 


V-ps 

Current Full-Scale Step (2mA X 10Q || IpF) 


300 



* 


ns 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = +25°C, V cc = ±1 5V, V DD = +5V, using internal reference op amp, unless otherwise noted. COB =±10V FSR, CSB = OV to +10V FSR. 



DAC729JH 

DAC729KH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

REFERENCE | 

Output (pin 32) : Voltage 

+9.990 

+10.000 

+10.010 

* 

* 

* 

V 

Source Current* 10 * 



+4 



* 

mA 

Temperature Coefficient 


±2 

±4 


* 

* 

ppm/°C 

Short-Circuit Duration 

Indefinite to Common 

Indefinite to Common 


Power Supply Sensitivity 


0.00025 

0.003 


* 

• 

%/V 

POWER SUPPLY REQUIREMENTS j 

Voltage: +V CC 

+13.5 

+15 

+16.5 

* 

* 

* 

V 


-16.5 

-15 

-13.5 

* 

* 

* 

V 

Vqd 

+4.75 

+5 

+5.25 

* 

* 

* 

V 

Current: +V CC 


+30 

+40 


* 

* 

mA 

-V cc 


-45 

-60 


* 

* 

mA 



+18 

+25 


* 

* 

mA 

Power Dissipation (Rated Supplies) 


1.22 

1.63 


* 

* 

W 

ENVIRONMENTAL SPECIFICATIONS | 

Temperature Range: Specification 

0 


+70 

* 


* 

°C 

Storage 

-60 


+150 

* 


* 

°C 


* Specifications same as DAC729JH. 

NOTES: (1 ) TTL- and CMOS-compatible. (2) Specified for V 0UT mode using the internal op amp. (3) ±0.00076% of full-scale range is 1/2LSB for 1 6-bit resolution. (4) 
FSR means full-scale range, 20V for ±1 0V range, etc. (5) Adjustable to zero error with an external potentiometer. (6) COB is complementary offset binary (bipolar); CSB 
is complementary straight binary (unipolar). (7) Using the MSB adjustment circuit, the user may improve the DAC linearity to 1/2LSB of this specification with gain and 
offset errors adjusted to zero at 25°C. (8) Maximum represents 3a limit, not 100% production tested. (9) At the major carry; 20000 to 1 FFFF HEX and from 1 FFFF to 
20000 H ex- (10) Maximum with no degradation in specifications. External loads must be constant. 


PIN CONNECTIONS 


Top View p- 

(MSB) Bit 1 |T 
Bit 2 [~~2~ 
Bit 3 |~3~ 
Bit 4 |~4~ 
Bit 5 |~5~ 
Bit 6 |~6~ 

Bit 7 [ 7 ~ 

Bit 8 [~8~ 
Bit 9 [IT 
Bit 10 [l0~ 
Bit 11 [TT 
Bit 12 [l T 
Bit 13 [kT 
Bit 14 [~l7 
Bit 1 5 |~15~ 
Bit 16 |7eT 
Bit 17 [~17~ 
(LSB) Bit 18 p8~ 
V DD (5V) [jT 
Digital Common | 20 


40]vp OT 

39 | Bit 1 Adjust 

~38~] Bit 2 Adjust 

~37~| Bit 3 Adjust 

36 [ Bit 4 Adjust 

35 | Reference Adjust 

34 | Gain Adjust 

33 | Reference Common 

32 [ Reference Out 

31 | Reference In 

30 | Analog Common 

3 'out 

~2b] 5kO Feedback 
~27~] 5kfi Feedback 
26] lOkfl Feedback 
25 | 10kQ Feedback 
24 | Summing Junction 

23] V out 

22] + V cc (15V) 

2l] "Vcc (15V) 


ABSOLUTE MAXIMUM RATINGS™ 


V DD to Common OV to +7 V 

+V CC to Common 0V to +18V 

— V cc to Common 0V to -18V 

Digital Data Inputs (pins 1-18) to Common -0.5V to V DD 

Reference Voltage In (pin 31) +9V to +1 IV 

Reference Out (pin 32) to Common Indefinite Short to Common 

External Voltage Applied to D/A Output (pin 29) -5V to +5V 

External Voltage Applied to Feedback Resistors 

(pins 25, 26, 27, 28) -15V to +15V 

VoUT (pin 23) Indefinite Short to Common 

Power Dissipation 3000mW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 


NOTE: (1 ) Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

DAC729JH 

DAC729KH 

DAC729KH-BI 

40-Pin Hermetic DIP 
40-Pin Hermetic DIP 
40-Pin Hermetic DIP 

0°C to +70°C 

0°C to +70°C 

0°C to +70°C 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DAC729JH 

40-Pin Hermetic DIP 

214 

DAC729KH 

40-Pin Hermetic DIP 

214 

DAC729KH-BI 

40-Pin Hermetic DIP 

214 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Any integral circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible to damage because very small 
parametric changes could cause the device not to meet 
published specifications. 

BURN-IN SCREENING 

Bum-in screening is an option available for the DAC729 
family of products. Bum-in duration is 160 hours at 100°C 
(or equivalent combination of time and temperature). 

All units are tested after bum-in to ensure that grade speci- 
fications are met. 


THEORY OF OPERATION 

The DAC729 is an 18-bit digital-to-analog converter sys- 
tem, including a precision reference, low noise, fast settling 
operational amplifier, and an 18-bit current source/D AC 
chip contained in a hermetic 40-pin ceramic dual-in-line 
package. Refer to Figure 11 for a schematic diagram of the 
DAC729. 

THE INTERNAL REFERENCE 

The reference consists of a very low temperature coefficient 
closed-loop reference zener circuit that has been tempera- 
ture-drift-compensated by laser-trimming a zener current to 
achieve less than lppm/°C temperature drift of V REF . 

By strapping pin 32 (Reference Out) to pin 31 (Reference 
In), the DAC will be properly biased from the internal 
reference. The internal reference may be fine adjusted using 
pin 35 as shown in Figure 7. The reference has an output 
buffer that will supply 4mA for use external to the DAC729. 
This load must remain constant because changing load on 
the reference may change the reference current to the DAC. 

In systems where several components need to track the same 
system reference, the DAC729 may be used with an external 
10V reference, however, the internal reference has lower 
noise (6pVp-p) and better stability than other references 
available. 

THE OPERATIONAL AMPLIFIER 

To support a DAC of this accuracy, the operational amplifier 
must have a maximum gain-induced error of less than 
1/3LSB, independent of output swing (the op amp must be 
linear!) To support 15 bits (1/2-bit linearity), the op amp 
must have a gain of 130,000V/V. For 18 bits, the minimum 


gain is well over 50Q,000V/V. Since thermal feedback is the 
major limitation of gain for mono op amps, the amplifier 
was designed as a high gain, fast settling mono op amp, 
followed by a monolithic, unity-gain current buffer to isolate 
the thermal effects of external loads from the input stage 
gain transistors. The op amp and buffer are separated from 
the DAC chip, minimizing thermally-induced linearity er- 
rors in the DAC circuit. The op amp, like the reference, is 
not dedicated to the DAC729. The user may want to add a 
network, or select a different amplifier. The DAC729 inter- 
nal op amp is intended to be the best choice for accuracy, 
settling time, and noise. 

THE DAC CHIP 

The heart of the DAC729 is a monolithic current source and 
switch integrated circuit. The absolute linearity, differential 
linearity, and the temperature performance of the DAC729 
are the result of the design, which utilizes the excellent 
element matching of the current sources and switch transis- 
tors to each other, and the tracking of the current setting 
resistors to the feed back resistors. Older discrete designs 
cannot achieve the performance of this monolithic DAC 
design. 

The two most significant bits are binarily weighted inter- 
digitated current sources. The currents for bits 3 through 18 
are scaled with both current source weighting and an R-2R 
ladder. The circuit design is optimized for low noise and low 
superposition error, with the current sources arranged to 
minimize both code-dependent thermal errors and IR drop 
errors. As a result, the superposition errors are typically less 
than 20pV. 

The DAC chip is biased from a servo amplifier feeding into 
the base line of the current sources. This servo amplifier sets 
the collector current to be mirrored and scaled in the DAC 
chip current sources, as shown in Figure 1 1 . The reference 
current for the servo is established by the reference voltage 
applied to pin 31 feeding an internal resistor (20klQ) to the 
virtual ground of the servo amplifier. 

DISCUSSION 
OF SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC729 accepts complementary digital input codes in 
either binary format (CSB for Unipolar or COB for Bipolar; 
see Table I). 


DIGITAL INPUT 

DAC ANALOG OUTPUT [ 

COB 

20V FSR 

CSB 

10V FSR 

00 0000 0000 0000 0000 
11 1111 1111 1111 1111 

+ Full Scale 
- Full Scale 

9.999924V 
-10 V 

+ Full Scale 
- Full Scale 

9.999962V 

OV 


TABLE I. Digital Input Coding. 
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ACCURACY 

Linearity 

This specification describes one of the most important mea- 
sures of performance of a D/A converter. Linearity error is 
the deviation of the analog output versus code transfer 
function from a straight line drawn through the end points 
(all bits ON point and all bits OFF point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is the 
deviation from an ideal 1LSB change in the output from one 
adjacent output state to the next. A differential linearity error 
specification of ±1/2LSB means that the output step sizes 
can be between 1/2 LSB and 3/2LSB when the input changes 
from one adjacent input state to the next. A negative DLE 
specification of no more than -1LSB (-0.0015% for 16-bit 
resolution) insures monotonicity to 16 bits. 

Monotonicity 

Monotonicity assures that the analog output will increase or 
remain the same for increasing input digital codes. The 
DAC729KH is specified to be monotonic to 16 bits over the 
entire specification temperature range. 

DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppm/°C). Gain drift is measured by: (1) 
testing the end point differences for each D/A at t MIN , +25 °C, 
and t MAX ; (2) calculating the gain error with respect to the 
+25°C value; and (3) dividing by the temperature change. 

Offset Drift 

Offset drift is a measure of the change in the output with 
3 FFFF h applied to the digital inputs over the specified 
temperature range. The maximum change in offset at t MIN or 
t MA x i s referenced to the offset error at +25 °C and is divided 
by the temperature change. This drift is expressed in parts 
per million of full-scale range per degree centigrade (ppm of 
FSR/°C). 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its final 
value after a change in digital input. Settling time includes 
the slew time of the op amp. 

Voltage Output 

Settling times are specified to ±0.00076% of FSR scale 
range change of 20V (COB) or 10V (CSB) and a 1LSB 
change at the “major carry,” the point at which the worst- 
case settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to the 
next.) 

Current Output 

Settling times are specified to ±0.00076% of FSR for a full- 
scale range change with an output load resistance of 10Q. 


COMPLIANCE VOLTAGE 

Compliance voltage applies only to the current output mode 
of operation. It is the maximum voltage swing allowed on 
the output current pin while still being able to maintain 
specified linearity. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter full- 
scale output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+V CC ), negative supply (-V cc ), or logic supply (V DD ) about 
the nominal power supply voltages (see Figure 1). It is 
specified for DC or low frequency changes. The typical 
performance curve in Figure 1 shows the effect of highl 
frequency changes in power supply voltages using internal! 
reference, DAC, and op amp. • 



FIGURE 1. Power Supply Sensitivity vs Frequency Using 
Internal Reference and Op Amp. 


OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in Figure 2. 
These capacitors (lpF to lOpF tantalum recommended) 
should be located at the DAC729. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external offset 
and gain potentiometers. Connect these potentiometers as 
shown in Figure 3 and adjust as described below. TCR of 
the potentiometers should be 100ppm/°C or less. The 3.9MO 
and 510kQ resistors (20% carbon or better) should be 
located close to the DAC729 to prevent noise pickup. If it 
is not convenient to use these high-value resistors, an 
equivalent “T” network, as shown in Figure 4, may be 
substituted in place of the 3.9MQ. A O.OOlpF to O.OlpF 
capacitor should be connected from Gain Adjust (pin 34) to 


mm 
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common to shunt noise pickup. This capacitor should be a 
low leakage film type (such as Mylar™ or Teflon™). 

Refer to Figures 5 and 6 for relationship of offset and gain 
adjustments to unipolar and bipolar D/A converters. 

OFFSET ADJUSTMENT 

For unipolar (CSB) configurations, apply the digital input 
code that should produce zero potential output and adjust the 
offset potentiometer for zero output. 

For bipolar (COB) configurations, apply the digital input 
code that should produce the maximum negative output 
voltage. See Table II for corresponding codes and Figures 2 
and 3 for offset adjustment connections. Offset adjust should 
be made prior to gain adjust. 


Mylar™, Teflon™ E.I. du Pont de Nemours & Co. 


GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive output 
voltage. Adjust the gain potentiometer for this positive full- 
scale voltage. See Table II for positive full-scale voltages 
and Figure 3 for gain adjustment connections. 


OUTPUT 


CONNECT 

CONNECT 

CONNECT 

GAIN ADJUST j 

RANGE 

CODE 

PIN 23 

PIN 31 

PIN 24 

16-BITS 

18-BITS 

±10V 

COB 

to Pin 25 

to Pin 26 

to Pin 29 

9.9969V 

9.99992V 

±5V 

COB 

to Pin 27 

to Pin 26 

to Pin 29 

4.9998V 

9.99996V 

±2.5V 

COB 

to Pin 27 

to Pin 26 

to Pins 

29 & 25 

2.4992V 

2.49998V 

Oto 10V 

CSB 

to Pins 
25 & 26 

N/C 

to Pin 29 

9.9998V 

9.99996V 

Oto 5V 

CSB 

to Pins 
27 & 28 

N/C 

to Pin 29 

4.9999V 

4.99998V 


TABLE II. Output Range Connections and Gain Adjust 
Voltage. 



FIGURE 2. Ground Connections and Supply Bypass. 


270ki2 


0.0022pF 




^__^>10kQto 


3.9M . 

V yyyL_^>ioknto 


Offset Adjust 


O +V rr = 1 5V 


NOTE: (1) Mylar™ or Teflon™ Film. 


FIGURE 3. Gain and Offset Adjust Hook-Up. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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3.9MQ 180k£2 180kQ 

o t\AA ° = ° \/W — r — AY — ° 

<^10kQ 


FIGURE 4. Equivalent Resistances. 



FIGURE 5. Relationship of Offset and Gain Adjustments for 
a Unipolar D/A Converter. 



FIGURE 6. Relationship of Offset and Gain Adjustments for 
a Bipolar D/A Converter. 


REFERENCE ADJUSTMENT 

The internal reference may be fine adjusted using pin 35 as 
shown in Figure 7. Adjusting the reference has a similar 
effect on the DAC as gain adjust, except the transfer charac- 
teristic rotates around bipolar zero for a bipolar connection 
as shown in Figure 8. 

LAYOUT/APPLICATIONS SUGGESTIONS 

Obviously, the management of IR drops, power supply 
noise, thermal stability, and environmental noise becomes 


much more critical as the accuracy of the system increases. 
The DAC729 has been designed to minimize these applica- 
tions problems to a large degree. The basics of “Kelvin 
sensing” and “holy point” grounding will be the most impor- 
tant considerations in optimizing the absolute accuracy of 
the system. Figure 9 shows the proper connection of the 
DAC with the holy-point ground and the Kelvin-sensed- 
output connection at the load. 

The DAC729 has three separate supply common (ground) 
pins. Reference common (pin 33) carries the return current 
from the internal reference and the output I/V converter 
common. The current in pin 33 is stable and independent of 
code or load. Digital common (pin 20) carries the variable 
currents of the biasing circuits. Analog common (pin 30) is 
the termination of the R-2R ladder and also carries the 
“waste current” from the off side of the current switches.1 
These three ground pins must be star connected to system] 
ground for the DAC to bias properly and accurately. Good 
ground connections are essential, because an IR drop of just 
39jiV completely swamps out a 10V FSR 18-bit LSB. 

When the application is such that the DAC must control 
loads of greater than ±5mA with rated accuracy, it is recom- 
mended that an external op amp or op amp buffer combina- 
tion be used to dissipate the variable power external to the 
DAC729. This minimizes the temperature variations on the 
precision D/A converter. Figure 10 illustrates a method of 
connecting the external amplifier for ±10V operation, while 
using an external reference. 

When driving loads to greater than ±10V, care must be taken 
that the internal resistors are never exposed to greater than 
±10V, and that the summing junction is clamped to insure 
that the voltage never exceeds ±5V. Clamping the summing 
junction with diodes (parallel opposing connection) to ground 
will give the best transient response and settling times. 

TRUE 18 -BIT PERFORMANCE 
(Differential Linearity Adjustment) 

To take full advantage of the DAC729’s accuracy, the four 
MSBs have adjustment capabilities. A simplified schematic 
(Figure 11) shows the internal structure of the DAC current 
source and the adjustment input terminal. The suggested 
network for adjusting the linearity is shown in Figure 12. 
This circuit has nearly twice the range that is required for the 
DAC729JH; The range is intentionally narrow so as to 
minimize the effect of temperature drift or stability problems 
in the potentiometers. The potentiometers are biased in an 
identical fashion to the internal DAC current sources to 
minimize power supply sensitivity and drift over tempera- 
ture. Low leakage capacitors such as Mylar or Teflon film 
are essential. 

The linearity adjustment requires a digital voltmeter with 7 
digits of resolution on the 10V range (l|iV resolution) and 
excellent linearity. For the DAC, 1LSB of the 0V to 10V 
scale (10 FSR) is 38|4V. To be 1/2LSB linear, the measure- 
ment must resolve 19pV. The meter must be properly 
calibrated and linear to lppm of range. 
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Range of 
Gain Adjust 



FIGURE 8. Effect of V REF Adjust on a COB Connected 
DAC729. 



Ground and Kelvin Sense Load, Using Internal 
Op Amp and Reference. 


With the DAC connected for 0 to 10V output (Figure 13), 
the adjustment procedure is to set the DAC code and mea- 
sure as follows: 

FOURTH MSB ADJUSTMENT (Pin 36) 

1. Set Code = 11 1100 0000 0000 0000 

2. Measure V OUT 

3. Set Code = 11 1011 1111 1111 1111 

4. Measure V QUT and record the difference. 

5. Adjust 4th MSB potentiometer to make difference +38pV. 

6. Repeat steps 1 through 5 to confirm. 

THIRD MSB ADJUSTMENT (Pin 37) 

1. Set Code = 11 1000 0000 0000 0000 

2. Measure V OUT 

3. Set Code = 11 0111 1111 1111 1111 

4. Measure V OUT and record the difference. 

5. Adjust 3rd MSB potentiometer to make difference +38|iV. 

6. Repeat steps 1 through 5 to confirm. 
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External Reference for ±10V Output. 


SECOND MSB ADJUSTMENT (Pin 38) 

1. Set Code = 11 0000 0000 0000 0000 

2. Measure V OUT 

3. Set Code = 10 1111 1111 1111 1111 

4. Measure V OUT and record the difference. 

5. Adjust 2nd MSB potentiometer to make difference +38flV. 

6. Repeat steps 1 through 5 to confirm. 

MSB ADJUSTMENT (Pin 39) 

1. Set Code = 10 0000 0000 0000 0000 

2. Measure V 0UT 

3. Set Code = 01 1111 1111 1111 1111 

4. Measure V OUT and record the difference. 1 

5. Adjust the MSB potentiometer to make difference +38pV. 

6. Repeat steps 1 through 5 to confirm. 

APPLICATIONS 

The DAC729 is the DAC of choice for applications requir- 
ing very high resolution, accuracy, and wide dynamic range. 

DIGITAL AUDIO 

The excellent linearity and differential linearity are ideal for 
PCM professional audio and waveform generation applica- 
tions. 



FIGURE 11. DAC729 Simplified Schematic. 
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FIGURE 12. Differential Linearity Adjustment Circuit for the 
4MSBs. 


The DAC729 offers superb dynamic range. Dynamic range 
is a measure of the ratio of the smallest signals the converter 
can produce to the full-scale range, usually expressed in 
decibels (dB). The theoretical dynamic range of a converter 
is approximately 6dB per bit. For the DAC729 the theoreti- 
cal range is 108dB! The actual dynamic range is limited by 
noise (signal-to-noise) and linearity errors. The DAC729’s 
6pV typical noise floor, fast settling op amp, and adjustable 
18-bit linearity minimize the limitation. 

Total harmonic distortion (THD) is the measure of the 
magnitude and distribution of the linearity error, differential 
linearity error, noise, and quantization error. The THD is 
defined as the ratio of the square root of the sum of the 
squares of the harmonics to the values of the input funda- 
mental frequency. The rms value of a DAC error can be 
shown to be 

e RMS = /-^I [E L (i) + E Q (i)f 

where n is the number of samples in one cycle of any given 
sine wave, E L (i) is the linearity error of the DAC729 at each 
sampling point, and E Q (i) is the quantization error at each 
sampling point. The THD can then be expressed as 


THD =- 


^RMS 


If 1 [E L (i) + E Q (i)p 

11 i =1 

Erms 


X x 100%(2) 


where E rms is the rms signal-voltage level. 

This expression indicates that, in general, there is a correla- 
tion between the THD and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
However, this expression does not mean that the worst-case 
linearity error of the D/A is directly correlated to the THD. 



The DAC729 has demonstrated THD of 0.0009% at full 
scale (at 1kHz). This is the level of distortion that is desired 
to test other professional audio products, making the DAC729 
ideal for professional audio test equipment. 

The ability to adjust the linearity of the 4MSBs, the 18-bit 
resolution, fast settling and low noise give the DAC729 
unmatched performance. 

AUTOMATIC TEST EQUIPMENT 

The pin functions of the DAC729 are convenient for use in 
automatic test equipment systems. The ability to use internal 
or external reference and internal or external op amp means 
versatility for the system designer. For example, in auto- 
matic test systems with several DACs and ADCs, it is 
desirable to operate all of the high accuracy converters from 
the same reference, improving the tracking characteristics of 
those components to one another. The reference in the 
DAC729 is a very stable precision reference, and is suitable 
for use as the system reference. 

Test systems, and other large systems are the ideal applica- 
tion for a DAC of this accuracy, because the DAC will be 
calibrated in the environment in which it will be used. Since 
the environment is very stable, the manual calibration (Fig- 
ure 12) may be adequate. However, highly automated sys- 
tems will go to an automatic calibration routine. Replacing 
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the potentiometers in Figure 12 with V OUT DACs, and using 
sample and difference measurements, the major carry bit 
weights can be measured, and external DACs used to adjust 
the differential linearity of the DAC729. A successive ap- 
proximation routine yields the fastest calibration. The output 
voltage of the external DACs will have to be level shifted, 
as the bit adjustment potentiometer must be able to achieve 
-V cc to give the full adjust range. 

Because the DAC729 feedback resistors have a tolerance of 
±0.1%, the output range can be rescaled slightly with small- 
value fixed external resistors to give convenient ranges. A 
popular range is OV to +10.24V which gives even 5mV steps 
at 11 bits. In this case, the LSB size is 39.06|iV. Figure 14 
shows how to connect two 240Q resistors in series with the 
internal 10k£2 resistors to give a 0V to 10.24V full-scale 
range. Another convenient range might be 0V to + 10.48576V 
which gives an even 40fiV LSB step size. 

THE HEART OF AN 18-BIT ADC 

The DAC729 makes a good building block in ADC applica- 
tions. The key to ADC accuracy is differential linearity of 
the DAC. The ability to adjust to 18-bit linearity, coupled 
with the fast settling time of the DAC729 makes the design 
cycle for an 18-bit successive approximation ADC much 
faster, and the production more consistent. Figure 15 shows 
the DAC as the heart of a successive approximation ADC. 
The clock and successive approximation register could be 
implemented in 7400 series TTL, as a simple gate-array or 
standard cell, or part of a local processor. 

With the DAC out of the way, the comparator is the toughest 
part of the ADC design. To resolve an 18-bit LSB, and 
interface to a TTL-logic device, the comparator must have a 
gain of 500kV/V (5X actual) as well as low hysteresis, low 
noise, and low thermally induced offsets. With this much 
gain, a slow comparator may be desired to reduce the risk of 
instability. 


The feedback resistors of the DAC are the input scaling 
resistors of the ADC. An OPA602 and an OPA633 make an 
excellent buffer for the input signal, giving a very high input 
impedance to the signal (minimizing IR drop) while main- 
taining the linearity. 



Internal Reference. 



FIGURE 15. Block Diagram of an 18-Bit Resolution ±10V IN ADC. 
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DAC811 


Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• SINGLE INTEGRATED CIRCUIT CHIP 

• MICROCOMPUTER INTERFACE: 
DOUBLE-BUFFERED LATCH 

• VOLTAGE OUTPUT: ±10V, ±5V, +10V 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• ±1/2LSB MAXIMUM NONLINEARITY OVER 
TEMPERATURE 

• GUARANTEED SPECIFICATIONS AT ±12V 
AND ±15V SUPPLIES 

• TTL/5V CMOS-COMPATIBLE LOGIC 
INPUTS 

DESCRIPTION 

The DAC811 is a complete, single-chip integrated- 
circuit, microprocessor-compatible, 12-bit digital-to- 
analog converter. The chip combines a precision volt- 
age reference, microcomputer interface logic, and 
double-buffered latch, in a 12-bit D/A converter with 
a voltage output amplifier. Fast current switches and a 
laser-trimmed thin-film resistor network provide a 
highly accurate and fast D/A converter. 

Microcomputer interfacing is facilitated by a double- 
buffered latch. The input latch is divided into three 4- 
bit nibbles to permit interfacing to 4-, 8-, 12-, or 16- 
bit buses and to handle right-or left-justified data. The 
12-bit data in the input latches is transferred to the 
D/A latch to hold the output value. 


Input gating logic is designed so that loading the last 
nibble or byte of data can be accomplished simulta- 
neously with the transfer of data (previously stored in 
adjacent latches) from adjacent input latches to the 
D/A latch. This feature avoids spurious analog output 
values while using an interface technique that saves 
computer instructions. 

The DAC811 is laser trimmed at the wafer level and 
is specified to ±1/4LSB maximum linearity error (B, 
K, and S grades) at 25°C and +1/2LSB maximum over 
the temperature range. All grades are guaranteed mono- 
tonic over the specification temperature range. 

The DAC811 is available in six performance grades 
and three package types. DAC811J and K are speci- 
fied over the temperature ranges of 0°C to +70°C; 
DAC81 1 A and B are specified over -25°C to +85°C; 
DAC81 1R and S are specified over -55°C to +125°C. 
DAC811J and K are packaged in a reliable 28-pin 
plastic DIP or plastic SOIC package, while DAC81 1 A, 
B, R and S are available in a 28-pin 0.6" wide dual- 
inline hermetically sealed ceramic side-brazed pack- 
age (H package). 


4 MSBs 4 LSBs 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C. ±V CC = 12V or 15V unless otherwise noted. 



DAC811AH, JP, JU, D 

DAC811BH, KP, KU 

DAC811RH 

DAC811SH 


PARAMETER 

MIN 

TYP 

MAX 






1 WR 




UNITS 

DIGITAL INPUT 

Resolution 

Codes* 1 ) 

Digital Inputs Over Temperature Range* 2 ) 


USB, BOB 

12 


* 

* 


* 

* 


* 

* 

Bits 

V| H 

+2 


+15 

* 


* 

* 


* 

* 


* 

VDC 

V,L 

0 


+0.8 

* 


* 

* 


* 

* 


* 

VDC 

Iih, V, = +2.7V 



+10 



* 



* 



* 

pA 

l, L> V, = +0.4V 

Digital Interface Timing Over Temperature Range 



±20 










pA 

t WP , WR Pulse Width 

50 



* 



* 



* 



ns 

t AW 1 , N x and LDAC Valid to End of WR 

50 



* 



* 



* 



ns 

t DW , Data Valid to End of WR 

80 



* 



* 



* 



ns 

t DH , Data Valid Hold Time 

0 



* 



+10 



* 



ns 

ACCURACY 

Linearity Error 


±1/4 

±1/2 


±1/8 

±1/4 


±1/4 

±1/2 


±1/8 

±1/4 

LSB 

Differential Linearity Error 


±1/2 

±3/4 


±1/4 

±1/2 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Gain Error* 3 ) 


±0.1 

±0.2 


* 

* 


* 

* 


* 

* 

% 

Offset Error* 3 - 4 > 


±0.05 

±0.15 


* 

* 


* 

* 


* 

* 

% of FSR* 5 ) 

Monotonicity 

Guaranteed 


* 






* 



Power Supply Sensitivity: +V CC 


±0.001 

±0.003 


* 

* 



* 


* 

* 

% of FSR/%V CC 

-V cc 


±0.002 

±0.006 


* 

* 


* 

* 


* 

* 

% of FSR/%V CC 

Vdd 


±0.0005 

±0.0015 


* 

* 


* 

* 


* 

* 

% of FSR/%V dd 

DRIFT (Over Specification Temperature Range) 
Gain 


±10 

±30 


±10 

±20 


±15 

±30 


±15 

±30 

ppm/°C 

Unipolar Offset 


±5 

±10 


±5 

±7 


±5 

±10 


±5 

±7 

ppm of FSR/°C 

Bipolar Zero 


±5 

±10 


±5 

±7 


±5 

±10 


±5 

±7 

ppm of FSR/°C 

Linearity Error Over Temperature Range 


±1/2 

±3/4 


±1/4 

±1/2 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Monotonicity Over Temperature Range 

Guaranteed 


* 



* 



* 



SETTLING TIME* 6 ) (to within ±0.01% of FSR of Final Value; 2kH load) 











For Full Scale Range Change, 20V Range 


3 

4 


* 

* 


* 

* 


* 


ps 

10V Range 


3 

4 


* 

* 


* 

* 


* 

* 

ps 

For 1 LSB Change at Major Carry* 7 ) 


1 



* 



* 



* 


ps 

Slew Rate* 6 ) 

8 

12 


* 

* 


* 



* 

* 


V/ps 

ANALOG OUTPUT 

Voltage Range (±V CC = 15V)* 8 ); Unipolar 


0 to +10 



* 






* 


V 

Bipolar 


±5, ±10 



* 



* 



* 


V 

Output Current 

+5 



* 



* 



* 



mA 

Output Impedance (at DC) 


0.2 



* 



* 



* 


Q 

Short Circuit to Common Duration 


Indefinite 



* 



* 



* 



REFERENCE VOLTAGE 

Voltage 

+6.2 

+6.3 

+6.4 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

Source Current Available for External Loads 

+2 



* 



* 



* 



mA 

Temperature Coefficient 


±10 

±30 


±10 

±20 


±10 

±30 


±10 

±20 

ppm/°C 

Short Circuit to Common Duration 


Indefinite 



* 



* 



* 



POWER SUPPLY REQUIREMENTS 

Voltage: +V CC 

+11.4 

+15 

+16.5 

* 

* 

* 

* 

* 

* 

* 

* 

* 

VDC 

-V cc 

-11.4 

-15 

-16.5 

* 

* 

* 

* 

* 

* 

* 

* 

* 

VDC 

V DD 

+4.5 

+5 

+5.5 

* 

* 

* 

* 


* 

* 

* 

* 

VDC 

Current (no load): +V CC 


+16 

+25 


* 

* 



* 


* 

* 

mA 

-V cc 


-23 

-35 


* 

* 


* 1 

* 


* 

* 

mA 

V DD 


+8 

+15 


* 

* 



* 


* 

* 

mA 

Potential at DCOM with Respect to ACOM* 9 ) 


±0.5 



* 




* 



* 

V 

Power Dissipation 


625 

800 


* 




* 


* 

* 

mW 

TEMPERATURE RANGE 

Specification: J, K, D 

0 


+70 

* 


* 

* 


* 

* 


* 

°C 

A, B 

-25 


+85 

* 


* 

* 


* 

* 


* 

°C 

R, S 

-65 


+150 

* 


* 

* 


* 

* 


* 

°C 








-55 


+125 



* 

°C 

Storage: J, K 

-60 


+100 

* 


* 

* 


* 



* 

°c 

A, B, R, S 

-65 


+150 

* 


* 

* 


* 

* 


* 

°c 


* Specification same as model to immediate left. 

NOTES: (1) USB = unipolar straight binary; BOB = bipolar offset binary. (2) TTL, LSTTL and 54/74 HC compatible. (3) Adjustable to zero with external trim 
potentiometer. (4) Error at input code 000 16 for both unipolar and bipolar ranges. (5) FSR means full scale range and is 20V for the ±10V range. (6) Maximum 
represents the 3o limit. Not 1 00% tested for this parameter. (7) At the major carry, 7FF 16 to 800 16 and 800 16 to 7FF 16 . (8) Minimum supply voltage required for ±1 0V 
output swing is ±13.5V. Output swing for ±1 1 .4V supplies is at least -8V to +8V. (9) The maximum voltage at which ACOM and DCOM may be separated without 
affecting accuracy specifications. 
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PIN DESCRIPTIONS 



NAME 

FUNCTION 

1 

+ Vdd 

Logic supply, +5V. 

2 

WR 

Write, command signal to load latches. Logic low 
loads latches. 




3 

LDAC 

Load D/A converter, enables WR to load the D/A 
latch. Logic low enables. 

4 

Na 

Nibble A, enables WR to load input latch A (the 
most significant nibble). Logic low enables. 

5 

n b 

Nibble B, enables WR to load input latch B. Logic 
low enables. 




6 

N c 

Nibble C, enables WR to load input latch C (the 
least significant nibble). Logic low enables. 

7 

Dn 

Data bit 1 2, MSB, positive true. 

8 

Dio 

Data bit 1 1 . 

9 

d 9 

Data bit 10. 

10 

d 8 

Data bit 9. 

11 

d 7 

Data bit 8. 

12 

d 6 

Data bit 7. 

13 

d 5 

Data bit 6. 

14 

d 4 

Data bit 5. 

15 

DCOM 

Digital common, V DD supply return. 

16 

Do 

Data bit 1 , LSB. 

17 

Di 

Data bit 2. 

18 

d 2 

Data bit 3. 

19 

D3 

Data bit 4. 

20 

+V CC 

Analog supply input, +15V or +12V. 

21 

-V C c 

Analog supply input, -15V or -12V. 

22 

Gain Adj 

To externally adjust gain. 

23 

ACOM 

Analog common, ±V CC supply return. 

24 

V OUT 

D/A converter voltage output. 

25 

10V Range 

Connect to pin 24 for 1 0V range. 

26 

SJ 

Summing junction of output amplifier. 

27 

BPO 

Bipolar offset. Connect to pin 26 for bipolar 
operation. 

28 

Ref Out 

6.3V reference output. 


ABSOLUTE MAXIMUM RATINGS 


+V CC Oto +18V 

-V cc to ACOM 0 to -18V 

V DD to DCOM 0 to +7V 

V DD to ACOM ±7V 

ACOM to DCOM ±7V 

Digital Inputs (Pins 2-14, 16-19) to DCOM -0.4V to +18V 

External Voltage Applied to 10V Range Resistor ±12V 

Ref Out Indefinite Short to ACOM 

External Voltage Applied to DAC Output -5V to +5V 

Power Dissipation lOOOmW 

Lead Temperature (soldering, 10s) +300°C 

Max Junction Temperature +165°C 

Thermal Resistance, 0j. A : Plastic DIP and SOIC 100°C/W 

Ceramic DIP 65°C/W 


NOTE: Stresses above those listed above may cause permanent damage 
to the device. Exposure to absolute maximum conditions for extended 
periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 
RANGE (°C) 

LINEARITY 
ERROR, MAX 
AT +25°C 

GAIN 

DRIFT 

(ppm/°C) 

DAC811JP 

Plastic DIP 

0 to +70 

±1/2LSB 

30 

DAC811JU 

Plastic SOIC 

0 to +70 

+1/2LSB 

30 

DAC811KP 

Plastic DIP 

0 to +70 

±1/4LSB 

15 

DAC811KU 

Plastic SOIC 

0 to +70 

±1/4LSB 

15 

DAC811AH 

Ceramic DIP 

-25 to +85 

+1/2LSB 

30 

DAC811BH 

Ceramic DIP 

-25 to +85 

±1/4LSB 

15 

DAC811RH 

Ceramic DIP 

-55 to +125 

±1/2LSB 

30 

DAC811SH 

Ceramic DIP 

-55 to +125 

±1/4LSB 

20 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC811AH 

28-Pin Side-Brazed DIP 

149 

DAC811BH 

28-Pin Side-Brazed DIP 

149 

DAC811RH 

28-Pin Side-Brazed DIP 

149 

DAC811SH 

28-Pin Side-Brazed DIP 

149 

DAC811JP 

28-Pin Plastic DIP 

215 

DAC811KP 

28-Pin Plastic DIP 

215 

DAC811JU 

28-Pin SOIC 

217 

DAC811KU 

28-Pin SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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Write Cycle #1 

Load first rank from Data Bus: LDAC = 1 



Write Cycle #2 

Load second rank from first rank: N A , N B , N c =1 


Na,N b ,N c )( 

\ 

j 

(_ . 

LDAC ^ 

J 

I" ' "" tlJW " * 



nJ wp 

WR Y 7 

( 

— 1 1 

DB^-DBo 

j 

( 

-► 


^DH 


— 

BUHSSBfi 


±1/2LSB 
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DISCUSSION OF 
SPECIFICATIONS 

INPUT CODES 

The DAC811 accepts positive-true binary input codes. 
DAC811 may be connected by the user for any one of the 
following codes: USB (unipolar straight binary), BOB (bi- 
polar offset binary) or, using an external inverter on the 
MSB line, BTC (binary two’s complement). See Table I. 


DIGITAL INPUT 

ANALOG OUTPUT 


MSB LSB 
i i 
111111111111 

USB 

Unipolar 

Straight 

Binary 

BOB 

Bipolar 

Offset 

Binary 

BTC* 

Binary 

Two’s 

Complement 

+ Full Scale 

+ Full Scale 

-1 LSB 

100000000000 

+ 1/2 Full Scale 

Zero 

- Full Scale 

011111111111 

+ 1/2 Full Scale - 1LSB 

-1 LSB 

+ Full Scale 

000000000000 

Zero 

- Full Scale 

Zero 


* Invert MSB of the BOB code with external inverter to obtain BTC code. 


TABLE I. Digital Input Codes. 

LINEARITY ERROR 

Linearity error as used in D/A converter specifications by 
Burr-Brown is the deviation of the analog output from a 
straight line drawn between the end points (inputs all Is and 
all Os). The DAC81 1 linearity error is specified at ±1/4LSB 
(max) at +25 °C for B and K grades, and ±1/2LSB (max) for 
A, J, and R grades. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from a 
1LSB output change from one adjacent state to the next. A 
DLE specification of 1/2LSB means that the output step size 
can range from 1/2LSB to 3/2LSB when the input changes 
from one state to the next. Monotonicity requires that DLE 
be less than 1LSB over the temperature range of interest. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital inputs. All grades 
of DAC81 1 are monotonic over their specification tempera- 
ture range. 


DRIFT I 

Gain drift is a measure of the change in the full scale range! 
(FSR) output over the specification temperature range. Drift 1 
is expressed in parts per million per degree centigrade (ppm/ 
°C). Gain drift is established by testing the full scale range 
value (e.g., +FS minus -FS) at high temperature, +25°C, and 
low temperature, calculating the error with respect to the 
+25°C value, and dividing by the temperature change. 

Unipolar offset drift is a measure of the change in output 
with all Os on the input over the specification temperature 
range. Offst is measured at high temperature, +25°C, and 
low temperature. The offset drift is the maximum change in 
offset referred to the +25 °C value, divided by the tempera- 
ture change. It is expressed in parts per million of full scale 
range per degree centigrade (ppm of FSR/°C). 

Bipolar zero drift is measured at a digital input of 800 16 , the 
code that gives zero volts output for bipolar operation. 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
output to settle within an error band around its final value 
after a change in input. Three settling times are specified to 
±0.01% of full scale range (FSR): two for maximum full 
scale range changes of 20V and 10V, and one for a 1LSB 
change. The 1LSB change is measured at the major carry 
(7FF 16 to 800 16 and 800 16 to 7FF 16 ), the input transition at 
which worst-case settling time occurs. 

REFERENCE SUPPLY 

DAC811 contains an on-chip 6.3V reference. This voltage 
(pin 28) has a tolerance of ±0.1V. The reference output may 
be used to drive external loads, sourcing at least 2mA. This 
current should be constant for best performance of the D/A 
converter. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR output change per percent of 
change in either the positive, negative, or logic supply 
voltages about the nominal voltages. Figure 1 shows typical 
power supply rejection versus power supply ripple frequency. 
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FIGURE 1 . Power Supply Rejection vs Power Supply Ripple 
Frequency. 

OPERATION 

DAC81 1 is a complete single IC chip 12-bit D/A converter. 
The chip contains a 12-bit D/A converter, voltage reference, 
output amplifier, and microcomputer-compatible input logic 
as shown in Figure 2. 


The D/A latch is controlled by LDAC and WR. LDAC and 
WR are internally NORed so that the latc hes tr ansmit data to 
the D/A swit ches w he n bot h LDAC and WR are at logic 0. 
When either LDAC or WR are at logi c 1, the d ata is latched 
in the D/A latch and held until LDAC and WR go to logic 0. 

All latches are level-triggered. Data present when the con- 
trol signals are logic 0 will enter the latch. When any one of 
the control signals returns to logic 1, the data is latched. 
Table II is a truth table for all latches. 


El 

m 

E9 

d 


OPERATION 

1 

X 1 

X 


X 

No operation 

0 

0 

1 

1 

1 

Enables input latch 4MSBs 

0 

1 

0 

1 

1 

Enables input latch 4 middle bits 

0 

1 

1 

0 

1 

Enables input latch 4LSBs 

0 

1 

1 

1 

0 

Loads D/A latch from input latches 

0 

0 , 

0 

0 

0 

Makes all latches transparent 

“X” = 1 

Don’t care. 





TABLE II. DAC813 Interface Logic Truth Table. 


GAIN AND OFFSET ADJUSTMENTS 

Figures 3 and 4 illustrate the relationship of offset and gain 
adjustments to unipolar and bipolar D/A converter output. 


INTERFACE LOGIC 

Input latches A, B, and C hold data temporarily while a 
complete 12-bit word is assembled before loading into the 
D/A register. This double-buffered organization prevents the 
generation of spurious analog output values. Each register is 
independently addressable. 

These input latches are controlled by N A , N B , N c , and WR. 
N a , N b , and N c are internally NORed wit h WR so that the 
inpu t latches transmit data when both N A (or N B , N c ) and 
WR are at logic 0. When either N A , (N B , N c ) or WR go to 
logic 1, the input data is latched int o the input registers and 
held until both N A (or N B , N c ) and WR go to logic 0. 


OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital input 
code that should produce zero voltage output, and adjust the 
offset potentiometer for zero output. For bipolar (BOB, 
BTC) configurations, apply the digital input code that should 
produce the maximum negative output voltage and adjust 
the offset potentiometer for minus full scale voltage. Ex- 
ample: If the full scale range is connected for 20V, the 
maximum negative output voltage is -10V. See Table III for 
corresponding codes. 
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FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Unipolar D/A Converter. 



FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 



ANALOG OUTPUT 1 

DIGITAL INPUT 

0 to +10V 

±5V 

±10V 

MSB LSB 

4 4 




111111111111 

+9. 9976V 

+4. 9976V 

+9.9951 V 

100000000000 

+5V 

OV 

OV 

011111111111 

+4. 9976V 

-0. 0024V 

-0.0049V 

000000000000 

OV 

-5 V 

-10 V 

LSB 

2.4mV 

2.44mV 

4.88mV 


TABLE III. Digital Input/Analog Output. 


GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive voltage 
output. Adjust the gain potentiometer for this positive full 
scale voltage. See Table III for positive full scale voltages. 


±1 2 V OPERATION 

The DAC81 1 is fully specified for operation on +12V power 
supplies. However, in order for the output to swing to ±10V, 
the power supplies must be ± 13.5V or greater. When oper- 
ating with ±12VB supplies, the output swing should be 
restricted to ±8V in order to meet specifications. 

LOGIC INPUT COMPATIBILITY 

The DAC811 digital inputs are TTL, LSTTL, and 54/74HC 
CMOS-compatible over the operating range of V DD . The 
input switching threshold remains at the TLL threshold over 
the supply range. 

The logic input current over temperature is low enough to 
permit driving the DAC811 directly from the outputs of 
4000B and 54/74C CMOS devices. . 

Resistors of 47k Q should be pl aced i n series with DOl 
through Dll, WR, N A , N B , N c and LDAC if edges are clOnsI 
or if the logic input is driven below ground by undershoot. 


INSTALLATION 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in Figure 5. 

These capacitors (ljiF tantalum recommended) should be 
located close to the DAC811. 



FIGURE 5. Power Supply, Gain, and Offset Potentiometer 
Connections. 
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DAC811 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. The analog common (pin 23) and 
digital common (pin 15) should be connected together at one 
point. Separate returns minimize current flow in low level 
signal paths if properly connected. Logic return currents are 
not added into the analog signal return path. A ±0.5V 
difference between ACOM and DCOM is permitted for 
specified operation. High frequency noise on DCOM with 
respect to ACOM may permit noise to be coupled through to 
the analog output; therefore, some caution is required in 
applying these common connections. 

The Analog Common is the high quality return for the D/A 
converter and should be connected directly to the analog 
reference point of the system. The load driven by the output 
amplifier should be returned to the Analog Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potentiom- 
eters as shown in Figure 5. TCR of the potentiomters should 
be 100ppm/°C or less. The IMG and 3.9MQ resistors (20% 
carbon or better) should be located close to the DAC81 1 to 
prevent noise pickup. If it is not convenient to use these high 
value resistors, an equivalent “T” network, as shown in 
Figure 6, may be substituted in each case. The Gain Adjust 
(pin 22) is a high impedance point and a O.OOlpF to O.OlpF 
ceramic capacitor should be connected from this pin to 
Analog Common to reduce noise pickup in all applications, 
including those not employing external gain adjustment. 
Excessive capacitance on the Gain Adjust or Offset Adjust 
pin may affect slew rate and settling time. 



OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DAC811 may be 
connected to produce bipolar output voltage ranges of ±10V 
and ±5V or a unipolar output voltage range of 0 to +10V. 
The 20V range (±10V bipolar range) is internally connected. 
Refer to Figure 7. Connections for the output ranges are 
listed in Table IV. 


_ w 5.36kQ , 

“S ° WV 0 



Bipolar Offset 
Summing Junction 
10V Range 

VoUT 

Analog Common 


FIGURE 7. Output Amplifier Voltage Range Scaling Circuit. 


OUTPUT 

RANGE 

DIGITAL 
INPUT CODES 

CONNECT 

PIN 25 TO 

CONNECT 

PIN 27 TO 

0 to +10V 

USB 

24 

23 

±5 

BOB or BTC 

24 

26 

±10V 

BOB or BTC 

NC 

26 


TABLE IV. Output Range Connections. 


APPLICATIONS 

MICROCOMPUTER BUS INTERFACING 

The DAC81 1 interface logic allows easy int erfac e to micro- 
computer bus structures. The control signal WR is derived 
from external device select logic and the I/O Write or 
Memory Write (depending upon the system design) signals 
from the microcomputer. 

The latch enable lines N A , N B , N c and LDAC determine 
which of the latches are enabled. It is permissible to enable 
two or more latches simultaneously, as shown in some of the 
following examples. 

The double-buffered latch permits data to be loaded into the 
input latches of several DAC811s and later strobed into the 
D/A latch of all D/As, simultaneously updating all analog 
outputs. All the interface schemes shown below use a base 
address decoder. If blocks of memory are used, the base 
address decoder can be simplified or eliminated altogether. 
For instance, if half the memory space is unused, address 
line A15 of the microcomputer can be used as the chip select 
control. 

4-BIT INTERFACE 

An interface to a 4-bit microcomputer is shown in Figure 8. 
Each DAC811 occupies four address locations. A 74LS139 
provides the two-to-four de code r and selects it with the base 
address. Memory Write (W R) of the microcomputer is 
connected directly to the WR pin of the DAC811. An 8205 
decoder is an alternative to the 74LS139. 
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8-BIT INTERFACE 

The control logic of DAC811 permits interfacing to right- 
justified data formats, as illustrated in Figure 9. When a 12- 
bit D/A converter is loaded from an 8-bit bus, two bytes of 
data are required. Figures 10 and 11 show an addressing 
scheme for right-justified and left-justified data respectively. 
The base address is decoded from the high-order address 
bits. A 0 and Aj address the appropriate latches. Note that 
adjacent addresses are used. For the right-justified case, 
X10 16 loads the 8LSBs, and X01 16 loads the 4MSBs and 
simultaneously transfers input latch data to the D/A latch. 
Addresses X00 16 and Xll 16 are not used. 

Left-justified data is handled in a similar manner, shown in 
Figure 11. The DAC811 still occupies two adjacent loca- 
tions in the microcomputer's memory map. 
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INTERFACING MULTIPLE DAC81 1 s 
IN 8-BIT SYSTEMS 

Many applications, such as automatic test systems, require 
that the outputs of several D/A converters be updated simul- 
taneously. The interface shown in Figure 12 uses a 74LS138 
decoder to decode a set of eight adjacent addresses, to load 
the input latches of four DAC811s. The example shows a 
right-justified data format. 

A ninth address using A 3 causes all DAC81 Is to be updated 
simultaneously. If a particular DAC811 is always loaded 
last — for instance, D/A #4 — A 3 is not needed, thus saving 
eight address spaces for other uses. Incorporate A 3 into the 
base ad dress d ecoder, remove the inverter, connect the 
common LD AC line to N c of D/A #4, and connect D 1 of the 
74LS138 to +5V. 

12- AND 16-BIT MICROCOMPUTER INTERFACE 

For this application, the input latch enable lines, N A , N B and 
N c are tied low, causing the latches to be transparent. The 
D/A latch, and therefore DAC81 1, is selected by the address 
decoder and strobed by WR. 



A3 

ADDRESS BUS 

A2 A1 AO 

OPERATION 

0 

0 

0 

0 

Load 8 LSB - D/A #1 

0 

0 

0 

1 

Load 4 MSB - D/A #1 

0 

0 

1 

0 

Load 8 MSB - D/A #2 

0 

0 

1 

1 

Load 4 MSB - D/A #2 

0 

1 

0 

0 

Load 8 MSB - D/A #3 

0 

1 

0 

1 

Load 4 MSB - D/A #3 

0 

1 

1 

0 

Load 8 MSB - D/A #4 

0 

1 

1 

1 

Load 4 MSB - D/A #4 

1 

X 

X 

X 

Load D/A Latch — All D/A 


FIGURE 12. Interfacing Multiple DAC81 Is to an 8-Bit Bus. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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FEATURES 


• ±1/2LSB NONLINEARITY OVER 
TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• LOW POWER: 270mW typ 

• DIGITAL INTERFACE DOUBLE 
BUFFERED: 12 AND 8 + 4 BITS 

• SPECIFIED AT ±12V AND ±15V POWER 
SUPPLIES 

• RESET FUNCTION TO BIPOLAR ZERO 

• 0.3" WIDE DIP AND SO PACKAGES 


DESCRIPTION 

The DAC813 is a complete monolithic 12-bit digital- 
to-analog converter with a flexible digital interface. It 
includes a precision +10V reference, interface control 
logic, double-buffered latch and a 12-bit D/A con- 


verter with voltage output operational amplifier. Fast 
current switches and laser-trimmed thin-film resistors 
provide a highly accurate, fast D/A converter. 

Digital interfacing is facilitated by a double buffered 
latch. The input latch consists of one 8-bit byte and 
one 4-bit nibble to allow interfacing to 8-bit (right 
justified format) or 16-bit data buses. Input gating 
logic is designed so that the last nibble or byte to be 
loaded can be loaded simultaneously with the transfer 
of data to the D/A latch saving computer instructions. 

A reset control allows the DAC813 D/A latch to 
asynchronously reset the D/A output to bipolar zero, a 
feature useful for power-up reset, recalibration, or for 
system re-initialization upon system failure. 

The DAC813 is specified to ±1/2LSB maximum lin- 
earity error (J, A grades) and ±1/4LSB (K, B grades). 
It is packaged in a 28-pin 0.3" wide ceramic DIP 
(^■0°C to +85°C specification temperature range), 28- 
pin 0.3" wide plastic DIP and 28-lead plastic SO (0°C 
to +70°C). 


Reset 4 MSBs 


10V 

Reference 


1 

49.5kft^~~ 

12-Bit D/A \ 

Converter s' 

6 6 

V REF OUT V REFIN 

x~ 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, ±V CC = ±12V or ±15V and load on V 0UT = 5kft || 500pF to common unless otherwise noted. 




DAC813AH, JP, JU, AU, D 

DAC813BH, KP, KU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Resolution 

Codes® 

Digital Inputs Over Temperature Range® 



USB, BOB 

12 


* 

* 

Bits 

V, h < 3 > 


+2 


+5.5 

* 


* 

VDC 

V| L 


0 


+0.8 

* 


* 

VDC 

DATA Bits, WR, Reset, LDAC, LMSB, LLSB 




±10 



* 

pA 

W 

V, N = +2.7V 



±10 



* 

pA 

IlL 

V, N = +0.4V 








ACCURACY 

Linearity Error 



±1/4 

±1/2 


±1/8 

±1/4 

LSB 

Differential Linearity Error 



±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Gain Error® 



±0.05 

±0.2 


* 

* 

% 

Unipolar Offset Error® 



±0.01 

±0.02 


* 

* 

% of FSR® 

Bipolar Zero Error® 



±0.02 

±0.2 


* 

* 

% of FSR 

Monotonicity 



Guaranteed 



* 



Power Supply Sensitivity: +V CC 

20V Range 


5 

10 


* 

* 

ppm of FSR/% 

-V cc 



1 

10 


* 

* 

ppm of FSR/% 

DRIFT 

Over Specification 








Gain 

Temperature Range 


±5 

±30 


* 

±15 

ppm/°C 

Unipolar Offset 



±1 

±3 


* 

±3 

ppm of FSR/°C 

Bipolar Zero 



±3 

±10 


* 

±5 

ppm of FSR/°C 

Linearity Error Over Temperature Range 



±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Monotonicity Over Temperature Range 



Guaranteed 



* 



SETTLING TIME® (To Within ±0.01% of 

FSR of Final Value; 5kft || 500pF load) 

For Full Scale Range Change 

20V Range 


4.5 

6 



. 

ps 


10V Range 


3.3 

5 


* 

* 

ps 

For 1 LSB Change at Major Carry® 



2 



* 


ps 

Slew Rate 



10 



* 


V/ ps 

ANALOG OUTPUT 

Voltage Range: Unipolar 

±V CC >±11.4V 


0 to +10 



* 


V 

Bipolar 

±V CC >±11-4V 


±5, ±10 



* 


V 

Output Current 


±5 



* 



mA 

Output Impedance 

At DC 


0.2 



* 


ft 

Short Circuit to Common Duration 



Indefinite 



* 


mA 

REFERENCE VOLTAGE 

Voltage 


+9.95 

+10 

+10.05 

* 

* 

* 

V 

Source Current Available for External Loads 


5 



* 



mA 

Impedance 



2 



* 


ft 

Temperature Coefficient 



±5 ' 

±25 


* 

* 

ppm/°C 

Short Circuit to Common Duration 



Indefinite 



* 


mA 

POWER SUPPLY REQUIREMENTS 

Voltage: +V CC 


+11.4 

+15 

+16.5 

* 

* 

* 

VDC 

-V cc 


-11.4 

-15 

-16.5 

* 

* 

* 

VDC 

Current: +Vqq + Vj_ 

No Load 


13 

15 


* 

* 

mA 

-V cc 

No Load 


-5 

-7 


* 

* 

mA 

Potential at DCOM with Respect to ACOMh°) 


-3 


+3 

* 


* 

V 

Power Dissipation 



270 

330 


* 

* 

mW 

TEMPERATURE RANGE 

Specification: J, K, D 


0 


+70 

* 


* 

°C 

A, B 


-40 


+85 

* 


* 

°C 

Operating: J, K, D 


-40 


+85 

* 


* 

°C 

A, B 


-55 


+125 

* 


* 

°C 

Storage: J, K, D 


-60 


+100 

* 


* 

°C 

A, B 


-65 


+150 

* 


* 

°C 


‘Same as specification for DAC813AH, JP, JU. 

NOTES: (1) USB = Unipolar Straight Binary; BOB = Bipolar Offset Binary. (2) TTL and 5V CMOS compatible. (3) Open DATA input lines will be pulled above +5.5V. 
See discussion under LOGIC INPUT COMPATIBILITY in the OPERATION section. (4) Specified with 500ft Pin 6 to 7. Adjustable to zero with external trim 
potentiometer. (5) Error at input code 000 HEX for unipolar mode, FSR = 10V. (6) Error at input code 800 HEX for bipolar range. Specified with 100ft Pin 6 to 4 and 
with 500ft pin 6 to 7. See page 9 for zero adjustment procedure. (7) FSR means Full Scale Range and is 20V for the ±10V range. (8) Maximum represents the 
3a limit. Not 1 00% tested for this parameter. (9) At the major carry, 7FF HEX to 800 H ex ancl 800 HEX t0 7FF HEX . (10) The maximum voltage at which ACOM and DCOM 
may be separated without affecting accuracy specifications. 
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MINIMUM TIMING DIAGRAMS 


PIN DESCRIPTIONS 


WRITE CYCLE #1 

(Load first rank from Data Bus: LDAC = 1) 





LLSB, LMSB \ 

7 

/ 

** > 50ns ► 


DB11-DB0 ^ 

) 

( 



>5ns 

BHUli 

( 

> 50ns — ► 



ABSOLUTE MAXIMUM RATINGS 


+V CC to ACOM 0 to +18V 

-V cc to ACOM 0 to -18V 

+Vqq to -Vqq 0 to +36V 

DCOM with respect to ACOM ±4V 

Digital Inputs (Pins 11-15, 17-28) to DCOM -0.5V to +V CC 

External Voltage Applied to BPO Span Resistor ±V CC 

V R ef out Indefinite Short to ACOM 

V 0U T Indefinite Short to ACOM 

Power Dissipation 750mW 

Lead Temperature (soldering, 10s) +300°C 

Max Junction Temperature +165°C 

Thermal Resistance, 0j. A : Plastic DIP and SOIC 130°C/W 

Ceramic DIP 85°C/W 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 


23 

NAME 

DESCRIPTION 

29 

+v L 

Positive supply pin for logic circuits. Connect to +V C c- 

| 

20V Range 

Connect Pin 2 or Pin 3 to Pin 9 (V 0UT ) for a 20V 
FSR. Connect both to Pin 9 for a 10V FSR. 

H 

■ 

BPO 

Bipolar offset. Connect to Pin 6 (V REF OUT ) through 

1 00Q resistor or 200Q potentiometer for bipolar 
operation. 

5 

ACOM 

Analog common, ±V CC supply return. 

B 

Vref out 

+10V reference output referred to ACOM. 

7 

Vref in 

Connected to V REF out through a 1 kQ gain 
adjustment potentiometer or a 500Q resistor. 

8 

+V C c 

Analog supply input, nominally +12V to +15V 
referred to ACOM. 

B 

Voui 

D/A converter voltage output. 

10 

-V C c 

Analog supply input, nominally -12V or -15V 
referred to ACOM. 

11 

WR 

Master enable for LDAC, LLSB, and LMSB. Must 
be low for data transfer to any latch. 

12 

LDAC 

Load DAC. Must be low with WR for data transfer 
to the D/A latch and simultaneous update of the 

D/A converter. 

13 

Reset 

When low, resets the D/A latch such that a Bipolar 
Zero output is produced. This control overrides all 
other data input operations. 

14 

LMSB 

Enable for 4-bit input latch of Dg-D^ data inputs. 
NOTE: This logic path is slower than the WR path. 

15 

LLSB 

Enable for 8-bit input latch of D 0 -D 7 data inputs. 
NOTE: This logic path is slower than the WR path. 

16 

DCOM 

Digital common. 

17 

DO 

Data Bit 1 , LSB. 

18 

D1 

Data Bit 2. 

19 

D2 

Data Bit 3. 

20 

D3 

Data Bit 4. 

21 

D4 

Data Bit 5. 

22 

D5 

Data Bit 6. 

23 

D6 

Data Bit 7. 

24 

D7 

Data Bit 8. 

25 

D8 

Data Bit 9. 

26 

D9 

Data Bit 10. 

27 

D10 

Data Bit 1 1 . 

28 

Dll 

Data Bit 12, MSB, positive true. 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DICE INFORMATION 


4 NC 3 2 1 28 27 26 25 



24 


23 

22 


21 

20 


19 


11121314 15 16 17 18 

DAC81 3 DIE TOPOGRAPHY 


PAD 

FUNCTION 

PAD 

FUNCTION 

1 

+v L 

15 

LLSB 

2 

20 V Range 

16 

DCOM 

3 

20V Range 

17 

DBO (LSB) 

4 

BPO 

18 

DB1 

5 

ACOM 

19 

DB2 

6 

^REF OUT 

20 

DB3 

7 

v 

v REF IN 

21 

DB4 

8 

+V CC • 

22 

DB5 

9 

VoUT 

23 

DB6 

10 

-v cc 

24 

DB7 

11 


25 

DB8 

12 

LDAC 

26 

DB9 

13 

Reset 

27 

DB10 

If 

LMSB 

28 

DB1 1 (MSB) 


Substrate Bias: -V cc 

NC: No Connection. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

204 x 140 ±5 

5.18x3.56 ±0.13 

Die Thickness 

20 ±3 

0.51 ±0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Metalization 


Aluminum 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR, MAX 
AT +25°C 

GAIN 

DRIFT 

(ppm/°C) 

DAC813AU 

Plastic SOIC 

-40°C to +85°C 

±1/2LSB 

±30 

DAC813JP 

Plastic DIP 

0°C to +70°C 

±1/2LSB 

±30 

DAC813JU 

Plastic SOIC 

0°C to +70°C 

±1/2LSB 

±30 

DAC813KP 

Plastic DIP 

0°C to +70°C 

±1/4LSB 

±15 

DAC813KU 

Plastic SOIC 

0°C to +70°C 

±1/4LSB 

±15 

DAC813AH 

Ceramic DIP 

-40 °C to +85°C 

±1/2LSB 

±30 

DAC813BH 

Ceramic DIP 

-40°C to +85°C 

±1/4LSB 

±15 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC813AH 

28-Pin Hermetic 
Side-Brazed DIP 

247 

DAC813BH 

28-Pin Hermetic 
Side-Brazed DIP 

247 

DAC813AP 

28-Pin Plastic DIP 

246 

DAC813KP 

28-Pin Plastic DIP 

246 

DAC813AU 

28-Pin Plastic SOIC 

217 

DAC813JU 

28-Pin Plastic SOIC 

217 

DAC813KU 

28-Pin Plastic SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V cc = ±15V unless otherwise noted. 


POWER SUPPLY REJECTION vs 



DIGITAL INPUT CURRENT 
vs INPUT VOLTAGE 



Frequency (Hz) 


Input Voltage (V) 



Temperature (°C) 



000 400 800 COO FFF 

Input Code (Hexidecimal) 


± FULL SCALE OUTPUT SWING 


V 

OUT 








\ WR 






1 


t ~ 



I 




-i- 



r 




0 5 10 15 20 25 

Time (ps) 



-2 0 2 4 6 8 10 12 14 

Time (gs) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V cc = ±15V unless otherwise noted. 


SETTLING TIME, +1 OV TO -1 OV 



V OUT_ 




1LSB = 4.88mV 


1 



i 








r 









■ 

\ 








V— l 



















WR 


] 






fl 


L 






r 1 










-2 0 2 4 6 8 10 12 

Time (us) 


SETTLING TIME, -10V TO +10V 








1 1 

11. QR AftftrM/ 


































v o 







/ 









f j 












WR 








H 




_ 




1 



r v ouT 

J __± 






-2 0 2 4 6 8 10 12 14 

Time (ms) 


DISCUSSION OF 
SPECIFICATIONS 

INPUT CODES 

The DAC813 accepts positive-true binary input codes. 
DAC813 may be connected by the user for any one of the 
following codes: USB (Unipolar Straight Binary), BOB 
(Bipolar Offset Binary) or, using an external inverter on the 
MSB line, BTC (Binary Two’s Complement). See Table I. 


DIGITAL 

ANALOG OUTPUT 


INPUT 

USB 

BOB 

BTC* 


Unipolar 

Bipolar 

Binary 


Straight 

Offset 

Two’s 

MSB to LSB 

Binary 

Binary 

Complement 

fff hex 

+ Full Scale 

+ Full Scale 

Zero - 1 LSB 

800 hex 

+ 1/2 Full Scale 

Zero 

- Full Scale 

7FF hex 

+ 1/2 Full Scale - 1LSB 

Zero - 1 LSB 

+ Full Scale 

ooo HEX 

Zero 

- Full Scale 

Zero 

* Invert MSB of BOB code with external inverter to obtain BTC code. j 


TABLE I. Digital Input Codes. 


LINEARITY ERROR 

Linearity error as used in D/A converter specifications by 
Burr-Brown is the deviation of the analog output from a 
straight line drawn between the end points (inputs all “Is” 
and all “Os”). The DAC813 linearity error is specified at 
±1/4LSB (max) at +25°C for B and K grades, and ±1/2LSB 
(max) for A and J grades. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from a 
1LSB output change from one adjacent state to the next. A 
DLE specification of 1/2LSB means that the output step size 
can range from 1/2LSB to 3/2LSB when the input changes 
from one state to the next. Monotonicity requires that DLE 
be less than 1LSB over the temperature range of interest. 


MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital inputs. All grades 
of DAC813 are monotonic over their specification tempera- 
ture range. 

DRIFT 

Gain Drift is a measure of the change in the Full Scale Range 
(FSR) output over the specification temperature range. Gain 
Drift is expressed in parts per million per degree Celsius 
(ppm/°C). 

Unipolar Offset Drift is measured with a data input of 
000 HEX . xhe D/A is configured for unipolar output. Unipolar 
Offset Drift is expressed in parts per million of Full Scale 
Range per degree Celsius (ppm of FSR/°C). 

Bipolar Zero Drift is measured with a data input of 800 HEX . 
The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed in parts per million of Full Scale Range per 
degree Celsius (ppm of FSR/°C). 

SETTLING TIME 

Settling Time is the total time (including slew time) for the 
output to settle within an error band around its final value 
after a change in input. Three settling times are specified to 
±0.012% of Full Scale Range (FSR): two for maximum full 
scale range changes of 20V and 10V, and one for a 1LSB 
change. The 1LSB change is measured at the major carry 
(7 FF hex to 800 hex and 800 HEX to 7FF HEX ), the input tran- 
sition at which worst-case settling time occurs. 

REFERENCE SUPPLY 

DAC813 contains an on-chip +10V reference. This voltage 
(pin 6) has a tolerance of ±50mV. V REF oux must be con- 
nected to Vrep in through a gain adjust resistor with a 
nominal value of 500£L The connection can be made through 
an optional lkU trim resistor to provide adjustment to zero 
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gain error. The reference output may be used to drive 
external loads, sourcing at least 5mA. This current should be 
constant, otherwise the gain of the converter will vary. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a ppm of FSR output change per percent of 
change in either +V CC or -V cc about the nominal voltages 
expressed in ppm of FSR/%. The first performance curve on 
page 5 shows typical power supply rejection versus power 
supply ripple frequency. 

OPERATION 

DAC813 is a complete single IC chip 12-bit D/A converter. 
The chip contains a 12-bit D/A converter, voltage reference, 
output amplifier, and microcomputer-compatible input logic 
as shown in Figure 1. 

INTERFACE LOGIC 

Input latches hold data temporarily while a complete 12-bit 
word is assembled before loading into the D/A latch. This 
double-buffered organization prevents the generation of spu- 
rious analog output values. Each latch is independently 
addressable. 

All latches are level-triggered. Data present when the con- 
trol signals are logic “0” will enter the latch. When any one 
of the control signals returns to logic “1”, the data is latched. 
A truth table for the control signals is presented in Table II. 


WR 

LLSB 

LMSB 

LDAC 

RESET 

OPERATION 

1 

X 

X 

X 

1 

No operation 

X 

X 

X 

X 

0 

D/A latch set to 800 HEX 

0 

1 

0 

1 

1 

Enables 4 MSBs input latch 

0 

0 

1 

1 

1 

Enables 8 LSBs input latch 

0 

1 

1 

0 

1 

Loads D/A latch from input latches 

0 

0 

0 

0 

1 

Makes all latches transparent 

“X” = 1 

Don’t Care 





TABLE II. DAC813 Interface Logic Truth Table. 


CAUTION: DAC813 was designed to use WR as the fast 
strobe. WR has a much faster logic path than EN X (or 
LDAC). Therefore, if one permanently wires WR to DCOM 
and uses only EN X to strobe data into the latches, the 
DATA HOLD time will be long, approximately 15ns to 
30ns, and this time will vary considerab ly in this range 
from unit to unit. DATA HOLD time using WR is 5ns max. 

LOGIC INPUT COMPATIBILITY 

The DAC813 digital inputs are TTL, 5V CMOS compat- 
ible over the operating range of +V CC . The input switching 
threshold remains at the TTL threshold over the supply 
range. An equivalent circuit of a digital input is shown in 
Figure 2. 

The logic input current over temperature is low enough to 
permit driving the DAC813 directly from the outputs of 5V 
CMOS devices. 

Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, 


MSB 

D11 D8 D7 . 


LSB 

-DO V L (1) DCOM 



FIGURE 1. DAC813 Block Diagram. 
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FIGURE 2. Equivalent Input Circuit for Digital Inputs. 


the speed of the interface will be slower. A digital output 
driving a DATA input line of the DAC813 must not drive, 
or let the DATA input float, above +5.5V. Unused DATA 
inputs should be connected to DCOM. 

RESET FUNCTION 

When asserted low (<0.8V), RESET (Pin 13) forces the 
D/A latch to 800 hex regardless of any other input logic 
condition. If the analog output is connected for bipolar 
operation (either ±10V or ±5V), the output will be reset to 
Bipolar Zero (OV). If the analog output is connected for 
unipolar operation (0 to +10V), the output will be reset to 
half-scale (+5V). 

If RESET is not used, it should be connected to a voltage 
greater than +2V but not greater than +5.5 V. If this voltage 
is not available Reset can be connected to +Vcc through a 
lOOkO to 1MO resistor to limit the input current. 

GAIN AND OFFSET ADJUSTMENTS 

Figures 3 and 4 illustrate the relationship of offset and gain 
adjustments to unipolar and bipolar D/A converter output. 

OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital input 
code that should produce zero voltage output and adjust the 
offset potentiometer for zero output. For bipolar (BOB, 


BTC) configurations, apply the digital input code that should 
produce the maximum negative output voltage and adjust 
the offset potentiometer for minus full scale voltage. Ex- 
ample: If the full scale range is connected for 20V, the 
maximum negative output voltage is -10V. See Table III for 
corresponding codes. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive voltage 
output. Adjust the gain potentiometer for this positive full 
scale voltage. See Table III for positive full scale voltages. 


DIGITAL INPUT 

! ANALOG OUTPUT 

MSB to LSB 

0 to +10V 

±5V 

±10V 

FFFhex 

+9.9976V 

+4.9976V 

+9.9951 V 

800 hex 

+5.0000V 

0.0000V 

0.0000V 

7FF hex 

+4.9976V 

-0.0024 V 

-0.0049V 

00°hex 

0.0000V 

-5.0000V 

-10.0000V 

1LSB 

2.44mV 

2.44mV 

4.88mV 

TABLE III. Digital Input/Analog Output. 


INSTALLATION 

POWER SUPPLY CONNECTIONS 

Note that the lid of the ceramic packaged DAC813 is 
connected to -Vce Take care to avoid accidental short 
circuits in tightly spaced installations. 

Power supply decoupling capacitors should be added as 
shown in Figure 5. Optimum settling performance occurs 
using a 1 to lOpF tantalum capacitor at -V CC and at least a 
0.01 pF ceramic capacitor at +V CC . Applications with less 
critical settling time may be able to use 0.0 lpF at -V cc as 
well. The 0.0 lpF capacitors should be located close to the 
DAC813. 

Pin 1 supplies internal logic and must be connected to +V CC . 



FIGURE 3. Relationship of Offset and Gain Adjustments FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Unipolar D/A Converter. for a Bipolar D/A Converter. 
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D8 
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D7 
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D6 
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D5 
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o< 

0 

D4 

Vqut 

D3 

_v cc 

D2 

WR 

D1 
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DO 
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LLSB 



V L 

Dll 

20V Range 

D10 

20V Range 

D9 

BPO 

D8 

ACOM 

D7 

V REF OUT 

D6 
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D5 
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D4 

Vqut 

D3 
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D2 

WR 

D1 
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DO 
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(1) lOgF tantalum for 
optimum settling 
performance. 

(2) Unipolar offset is 

not necessary in most 
applications and can 
lead to noise pickup. 

(3) Note that for the 
ceramic package 
the lid is connected 
to — V cc . 


El 

20] 

El 

El 

ELl 


FIGURE 5. Power Supply, Gain, and Offset Connections. 


DAC813 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. It is recommended that both Ana- 
log Common (ACOM, Pin 5) and Digital Common (DCOM, 
Pin 16) be connected directly to a ground plane under the 
package. If a ground plane is not used, connect the ACOM 
and DCOM pins together close to the package. Since the 
reference point for Vqut ar, d V REF 0UT is the ACOM pin, it 
is also important to connect the load directly to the ACOM 
pin. Refer to Figure 5. 

The change in current in the Analog Common pin (ACOM, 
Pin 5) due to an input data word change from 000 HEX to 
FFF hex is only 800pA. 

OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DAC813 may be 
connected to produce bipolar output voltage ranges of ±10V 
and ±5V or unipolar output voltage range of 0 to +10V. 
Refer to Figure 6. 

The internal feedback resistors (25k£2) and the bipolar offset 
resistor (24.9kO) are trimmed to an absolute tolerance of 
less than ±2%. Therefore, one can change the range by 
adding a series resistor in various feedback circuit configu- 
rations. For example, a 600£2 resistor in series with the 20V 
range terminal can be used to obtain a 20.48V (± 10.24V) 
range (5m V LSB). A 7.98k£2 resistor in series with the 10V 
range connection (20V ranges in parallel) gives a 16.384V 
(±8. 192V) bipolar range (4mV LSB). Gain drift will be 
affected by the mismatch of the temperature coefficient of 
the external resistor with the internal D/A resistors. 


APPLICATIONS 

MICROCOMPUTER BUS INTERFACING 

The DAC813 interface logic allows easy interface to micro- 
computer bus structures. The control signal is derived from 
external device select logic and the I/O Write or Memory 
Write (depending upon the system design) signals from the 
microcomputer. 

The latch enable lines LMSB, LLSB, and LDAC determine 
which of the latches are selected. It is permissible to enable 
two or more latches simultaneously, as shown in some of the 
following examples. 

The double-buffered latch permits data to be loaded into the 
input latches of several DAC813s and later strobed into the 
D/A latch of all D/As, simultaneously updating all analog 
outputs. All the interface schemes shown below use a base 
address decoder. If blocks of memory are used, the base 
address decoder can be simplified or eliminated altogether. 

8-BIT INTERFACE 

The control logic of DAC813 permits interfacing to right- 
justified data formats, illustrated in Figure 7. When a 12-bit 
D/A converter is loaded from an 8-bit bus, two bytes of data 
are required. Figure 8 illustrates an addressing scheme for 
right-justified data. The base address is decoded from the 
high-order address bits. AO and A1 address the appropriate 
latches. Note that adjacent addresses are used. X10 HEX loads 
the 8 LSBs and X01 HEX loads the 4 MSBs and simultane- 
ously transfers input latch data to the D/A latch. Addresses 
X00 H ex an d X11 HEX are not used. 
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INTERFACING MULTIPLE 
DAC813S IN 8-BIT SYSTEMS 

Many applications, such as automatic test systems, require 
that the outputs of several D/A converters be updated simul- 
taneously. The interface shown in Figure 9 uses a 74LSB 1 38 
decoder to decode a set of eight adjacent addresses to load 
the input latches of four DAC813s. The example uses a 
right-justified data format. 

A ninth address using A3 causes all DAC813s to be updated 
simultaneously. If a certain DAC813 is always loaded last 
(for instance, D/A #4), A3 is not needed, saving 8 address 


spaces for other uses. Incorporate A3 into the base address 
decoder, remove the inverter, connect the common LDAC 
line to LLSB of D/A #4, and connect D1 of the 74LS138 to 
+5V. 

12- AND 16-BIT MICROCOMPUTER INTERFACE 

For th is application the input latch enable lines, LMSB and 
LLSB, are tied low, causing the latches to be transparent. 
The D/A latch, and therefore DAC813, is selected by the 
address decoder and strobed by WR. 

Be sure and read the CAUTION statement in the LOGIC 
INPUT COMPATIBILITY section. 


| 

■Wr — m 


■ 

■ 



OTO +10V 
RANGE 


J BPO / 200Q pot or 

100Q fixed 




°0 / 200£2 pot or 

100Q fixed 



Right-Justified 


FIGURE 7. 12-Bit Data Format for 8-Bit Systems. 




► aaa m , 

RANGE 

FIGURE 8. Right-Justified Data Bus Interface. 

1 
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/ LUv w IOV 
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FIGURE 6. Output Amplifier Voltage Range Scaling Circuit. 
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FIGURE 9. Interfacing Multiple DAC813s to an 8-Bit Bus. 
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DAC1 204/1 214 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 
WITHOUT NOTICE 


QUAD Monolithic 12-Bit 
DIGITAL-TO-ANALOG CONVERTER 
(Serial Interface) 


FEATURES 

• QUAD MONOLITHIC 12-BIT DAC 
Current Output: 1mA Span 

Minimal External Components Required; 
One Op Amp Only 
Internal Feedback Resistor (R FB ) for 
External l/V Amp Trimmed at Wafer Level; 
DAC1204: V 0UT = ±10V 
DAC1214: V 0UT = +5V, 0 to 10V 
Internal High Stability Voltage Reference 

• HIGH SPEED SERIAL INTERFACE: 

10MHz Clock 

• FOUR DACs SIMULTANEOUS UPDATE 
FUNCTION: 

Available Individual Updating 

• PROGRAMMABLE FUNCTION FOR 
BIPOLAR/UNIPOLAR OUTPUT SELECT 

• CLEAR FUNCTION FOR RESET TO 
OUTPUT ZERO 

• SINGLE +5V SUPPLY 

• 28-PIN SOIC 


APPLICATIONS 

• MOTOR CONTROL 

• ATE PIN-ELECTRONICS LEVEL SETTING 

• PROCESS CONTROL 

• AUTO CALIBRATION CIRCUIT 

• DSP PROCESSOR BOARD 

• UPGRADE REPLACEMENT FOR 
MULTIPLYING DAC 


DESCRIPTION 

The DAC 1204 and DAC 12 14 are serial interface, 
quad 12-bit current output digital-to-analog convert- 
ers. These DACs consist of four separate DACs with 
high stability feedback resistors, a high- stability 
bandgap reference and a 16-bit serial-to-parallel reg- 
ister which is followed by four separate double-buff- 
ered registers on a single monolithic chip. The opti- 
mum performance is achieved from a combination of 
state-of-the art Bi CMOS process and advanced laser 
trimming technology. 

The current output stage of the DAC 1204 and 
DAC 12 14 has a pair of feedback resistors which are 
trimmed at wafer level. The feedback resistors of the 
DAC 1204 are specified for ±10V output range, while 
the later is specified for ±5V (or 0 to 10V) output 
range. Thus the external I/V converter is possible with 
only one op amp for both bipolar and unipolar output 
range. 

The DAC 1204 and DAC 12 14 have a high speed serial 
interface capable of clocking in data at a rate of 
10MHz. The serial data is a 16-bit word including 
channel address bits, output mode select (bipolar or 
unipolar mode) bits and actual DAC data. Serial data 
is clocked into the 16-bit shift register (MSB first) 
then latched into the DAC’s first register. All DAC 
analog outputs can be simultaneously updated using 
asynchronous load (LOAD) signal. Also, DAC regis- 
ters can be updated independently. These DACs have 
an asynchronous clear (CLR) control for reset to 
bipolar zero or unipolar zero depending on the output 
mode selected. This feature is useful for power-on- 
reset or system calibration. 

All digital pins are CMOS/TTL compatible. Power 
supply voltage is +5VDC. The DAC 1204 and 
DAC 12 14 are available in 28 pin plastic SOIC pack- 
age. 


International Airport Industrial Park • Mailing Address: P0 Box 11400 * Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 

ELECTRICAL 


T a = 25°C, V cc = V DD = 5.0V, V REF = internal or external 2.500V, with external l/V amp using internal feedback resistor and suitable op-amp unless otherwise noted. 



DAC1204U, DAC1214U 

DAC1204UB, DAC1214UB 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 








Resolution 


12 



* 


Bits 

Digital Input Voltage 








V,H 

2.0 


5.0 

* 


* 

V 

V, L 

0 


0.8 

* 


* 

V 

Digital Input Current 








■ih at V IH = 5V 



10 



* 

pA 

l, L ^ V IL = 0V 



100 



* 

pA 

Maximum Input Clock Frequency 

10 



* 



MHz 

Input Pulse Width 








Twh 11 ' 

40 



* 



ns 

Twl 11 ’ 

40 



* 



ns 

Input Set-up Time! 1 ) 



20 



* 

ns 

Input Hold Time* 1 ) 



20 



* 

ns 

TRANSFER CHARACTERISTICS 








DC ACCURACY 








Integral Linearity Error 

-1.0 


+1.0 

-0.5 


+0.5 

LSB 

Differential Linearity Error 

-1.0 


+1.0 

-0.5 


+0.5 

LSB 

Gain Error< 2 > 

-8.0 


+8.0 

-4.0 


+4.0 

LSB 

Bipolar Zero Error! 2 ) 

-4.0 


+4.0 

-2.0 


+2.0 

LSB 

Unipolar Zero Error! 2 ) (DAC1214 Only) 

-2.0 


+2.0 

-1.0 


+1.0 

LSB 

Monotonicity (0 to 70°C) 


Guaranteec 



Guaranteed 



MISMATCH AMONG CHANNELS 








Integral Linearity Error 


1.0 

TBD 


0.5 

TBD 

LSB 

Differential Linearity Error 


1.0 

TBD 


0.5 

TBD 

LSB 

Gain Error! 2 ) 


8.0 

TBD 


4.0 

TBD 

LSB 

Bipolar Zero Error! 2 ) 


4.0 

TBD 


2.0 

TBD 

LSB 

Unipolar Zero Error! 2 ) (DAC1214 Only) 


2.0 

TBD 


1.0 

TBD 

LSB 

DRIFT (0 to 70°C) 








Gain Drift! 2 ) with External V REF 


±10 

TBD 


* 

TBD 

ppm/°C 

Gain Drift! 2 ) with Internal V REF 


±25 

TBD 


* 

TBD 

ppm/°C 

Bipolar Zero Drift! 2 ) with External/Internal V REF 


±5 

TBD 


* 

TBD 

ppm FSR/°C 

Unipolar Zero Drift! 2 ) with External/Internal V REF (DAC1214 Only) 


±5 

TBD 



TBD 

ppm FSR/°C 

AC PERFORMANCE 








Settling Time; (to 0.012% of FSR, Load to I 0 ut) 


500 



* 


ns 

Glitch Energy! 3 ) 


20 



* 


nV-s 

Crosstalk;! 3 ) 








Digital-to- Analog 


20 



* 


nV-s 

Channel-to-Channel 


-78 



* 


dB 

REFERENCE 








External Reference Voltage Range 

2.45 

2.50 

2.55 

* 

* 

* 

V 

External Reference Current Drain at V REF = 2.500V 


±10 

±50 


* 

* 

pA 

ANALOG OUTPUT 








Voltage Output Configuration 








Bipolar Range 








DAC1204 


±10 



* 


V 

DAC1214 


±5 



* 


V 

Unipolar Range 








DAC1214 


0 to +10 



* 


V 

Output Impedance at Output to Ground 


1.0 



* 


kQ 

Short Circuit Duration 

Inde 

finite to Grc 

)und 


* 



POWER SUPPLY REQUIREMENTS 








Supply Voltage 








o 

o 

> 

o 

> 

4.75 

5.00 

5.25 


* 

* 

V 

Supply Current (No Load) 








Ice + Idd O^cc = Vdd = 5.0V) 


20 

TBD 


* 

* 

mA 

Power Dissipation 


100 

TBD 


* 

* 

mW 

Power Supply Rejection Ratio! 2 ) 


±0.001 i 



* 


/o of FSR/% V cc 

TEMPERATURE RANGE 








Specification 

0 


70 

* 


* 

°C 

Operating 

-40 


+85 

* 


* 

°C 

Storage 

-55 


+125 

* 


* 

°c 


NOTES: (1) See serial interface timing for details. (2) Offset, linearity and CMRR of external Op-Amp influence each performance. (3) Specified condition 
(Clock/Signal frequency. Op-Amp, Band-Width, etc.) should be determined. 
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ABSOLUTE MAXIMUM RATINGS 


V DD to DGND 0 to +6V 

V cc to AGND 0 to +6V 

AGND to DGND ±0.3V 

Digital Input to DGND -0.3V to +V DD +0.3V 

External Voltage applied to; 

Internal Feed-back Resistor ±25V 

Vref in -0.3V to V cc +0.3V 

-Out/+Out -0.3V to V cc +0.3V 

Lead Temperature; (soldering, 5s) +260°C 

(reflow, 1 0s) +235°C 

Max Junction Temperature +125°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


PIN DESCRIPTIONS 


ORDERING INFORMATION 


MODEL 

OUTPUT RANGE 

LINEARITY ERR 

PACKAGE 

DAC1204U 

±10V 

+1LSB 

28-Pin SOIC 

DAC1204UB 

±10V 

±0.5LSB 

28-Pin SOIC 

DAC1214U 

±5V, 0 to 1 0V 

±1LSB 

28-Pin SOIC 

DAC1214UB 

±5V, 0 to 10V 

±0.5LSB 

28-Pin SOIC 


PACKAGE INFORMATIONS) 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC1204U, UB 

28-Pin SOIC 

809 

DAC1204UB 

28-Pin SOIC 

809 

DAC1214U 

28-Pin SOIC 

809 

DAC1214UB 

28-Pin SOIC 

809 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. I 


PIN CONNECTIONS 



NAME 

FUNCTION 

1 

-OUTA 

DAC A Current Output. 

2 

+OUTA 

DAC A Common Current Output. 

3 

AGNDA 

DAC A Analog Ground. 

4 

RFA 

DAC A Feed-back Resistor. 

5 

STRB 

1st Latch Register Update. Data is latched in on 
negative edge. 

6 

DATA 

Serial Data Input. Data is clocked in on positive 
edge of the CLK. 

7 

CLK 

Serial Clock Input. 

8 

LOAD 

Load DAC Input (active low) - 2nd Latch Register 
Update. 

9 

CLR 

Reset to DAC Output zero (active low). 

10 

RFB 

DAC B Feed-back Resistor. 

11 

AGNDB 

DAC B Analog Ground. 

12 

+OUTB 

DAC B Common Current Output. 

13 

-OUTB 

DAC B Current Output. 

14 

DGND 

Digital Ground. 

15 

V DD 

Digital Power Supply, +5V typ. 

16 

-OUTC 

DAC C Current Output. 

17 

+OUTC 

DAC C Common Current Output. 

18 

AGNDC 

DAC C Analog Ground. 

19 

RFC 

DAC C Feed-back Resistor. 

20 

Vref 

Reference Voltage Input. 

21 

v cc 

Analog Power Supply, +5 V typ. 

22 

Vcc 

Analog Power Supply, +5V typ. 

23 

AGND 

Analog Power Ground. 

24 

AGND 

Analog Power Ground. 

25 

RFD 

DAC D Feed-back Resistor. 

26 

AGNDD 

DAC D Analog Ground. 

27 

+OUTD 

DAC D Common Current Output. 

28 

-OUTD 

DAC D Current Output. 


Top View 


-OUTA pT 

^7 

2p 

+OUTA | 2 


1] 

AGNDA | 3 


26 

RFA | 4 


3 

STRB | 5 


H 

DATA | 6 


2 3] 

CLK | 7 


22] 

LOAD pT 


3 

CLR [IT 


20] 

RFB [ToT 


3 

AGNDB pT 


3 

+OUTB pp 


3 

-OUTB pa 


3 

DGND p4~ 


3 


-OUTD 

+OUTD 

AGNDD 

RFD 

AGND 

AGND 

v cc 

v cc 

V REF 

RFC 

AGNDC 

+OUTC 

-OUTC 

v dd 


SOIC 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DIGITAL INPUTS DESCRIPTION 

INPUT CODES 

All digital inputs are TTL and CMOS compatible. For 
bipolar output range, input codes for the DAC1204 and 
DAC1214 are Binary Two’s Compliment (BTC) code. For 
unipolar output range, input codes are Unipolar Straight 
Binary (USB) code. The input/output relationship is shown 
in Table la and lb. 


DIGITAL INPUT CODE (BTC) 

ANALOG OUTPUT (BIPOLAR) 

7FF hex 

+FS 

OOOhex 

BPZ 

FFF hex 

BPZ -1LSB 

800 hex 

-FS 


TABLE la. Digital Input/Bipolar Output Relationships. 


DIGITAL INPUT CODE (USB) 

ANALOG OUTPUT (UNIPOLAR) 

FFF hex 

FS 

800 HE x 

FS/2 

7FF H ex 

FS/2-1L.SB 

000 HEX 

ZERO 


TABLE Ib.Digital Input/Unipolar Output Relationships. 


SERIAL INPUT DATA FORMAT 

Serial data is a 16-bit word per channel and is clocked in on 
the raising edge of clock (CLK) into the internal 16-bit shift 
register with MSB first format. Figure 1 shows the serial 
data input format. The 16-bit serial input format comprises 
two DAC address bits (Al, AO), two output mode select bits 
(Ml, MO) and twelve bits of DAC data (D1 1...D00). Al and 
AO shown in Table Ha set the DAC address, and Ml and MO 
shown in Table lib select the output range of bipolar or 
unipolar. 


Al 

AO 

SELECTED DAC 

0 

0 

DAC A 

0 

1 

DAC B 

1 

0 

DAC C 

1 

1 

DAC D 


TABLE Ha. DAC Address. 


Ml 

MO 

DAC OUTPUT MODE 

0 

0 

Bipolar Output 

0 

1 

Unipolar Output 

1 

X 

Reserved 

NOTES: 0 = logical “Low”, 1 = logical “High”, X - Don’t Care. J 


TABLE lib. DAC Output Mode Select. 


DIGITAL INTERFACE TIMING 

Interface logic signals of the DAC1204 and DAC1214 
consist of the serial data clock (CLK), serial data (DATA), 
strobe (STRB), load (LOAD) and clear (CLR) controls. 
Figure 2 shows a typical interface timing diagram. The serial 
data is clocked in on positive edge of CLK into the shift 
register until all 16 bits of data are entered and then is 
transferred into the addressed DAC first latch register from 
the shift register on negative edge of STRB. The DAC data 
is allowed to stay in each first register until each first latch 
register is updated by next STRB signal. Also the STRB 
signal and DAC address bits (AO, Al) on serial data frame 
with LOAD signal allow DAC update; independently or 
simultaneously. The STRB signal must be “High” for at 
least one clock cycle before going “Low” and must be held 
“Low” for at least one cycle after the signal is changed from 
“High” to “Low” as shown in Figure 2. 


DB15 

DB14 

DB13 

DB12 

DB11 

DB10 

DB09 

DB08 

DB07 

DB06 

DB05 

DB04 

DB03 

DB02 

DB01 

DBOO 


Al 

AO 

Ml 

MO 

Dll 

DIO 

D09 

D08 

D07 

D06 

D05 

D04 

D03 

D02 

D01 

D00 


i 

1 1 

l 

i 











i 


DAC INPUT DATA: BTC code for Bipolar Output 
USB code for Unipolar Output 
NOTE: D1 1 = MSB, D00 = LSB 


OUTPUT MODE: Ml MO DAC OUTPUT MODE 

0 0 Bipolar 

0 1 Unipolar 

1 X RESERVED 

DAC ADDRESS: Al AO DAC ADDRESS 
0 0 DAC A 

0 1 DAC B 

1 0 DAC C 

1 1 DAC D 


FIGURE 1. Serial Input Data Format. 
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LOAD signal is asynchronous with respect to DATA, CLK 
and STRB signals and can simultaneously update all four 
DAC second latch registers. When LOAD signal is changed 
“High” to “Low”, the data on all first latch registers are 
loaded into corresponding second latch registers and DAC’s 
outputs are updated simultaneously. This mode is a Latch 
Mode. In this case, if the LOAD signal become “Low” 
within two clocks from the negative edge of STRB signal, 
the previous data of first latch register is loaded into the 
second latch register. If LOAD signal is fixed “Low”, the 
data on the first latch register addressed by A 1, AO is loaded 
into corresponding second latch register on second negative 
edge of CLK after STRB goes “Low”, and in this case, 
DAC’s output can be updated independently. This is a 
Transparent Mode. 


CLR signal, also, is asynchronous with respect to DATA, 
CLK, STRB signals and can simultaneously reset to bipolar 
zero or unipolar zero depending on the output mode selected 
(M 0 , M^ when the CLR is “Low”. 

CIRCUIT CONNECTION 

Figure 3 shows a typical connection diagram for the DAC 1204 
and DAC 12 14. The output stage of the DAC 1204 and 
DAC1214 is current output mode. 

For optimum performance and noise rejection, the DACs 
and I/V op amp should be located close to each other and 
power supply decoupling capacitors should be located close 
to the DACs. 


DATA X 15 14 13 12 1 0 15 14 13 12 1 0 15 14 13 12 1 0 15 14 13 12 1 0 X X X X X X 


tcWH-j k H k»DH ^' tDW 
tcwL-»~| p| *| p-j Ids 

rLTUTTLl RJlJlJTnJTJlJ ITJTJTJIJTTTJTJ ITJIJTJTJTJTJTJ ITjIJTJIJTJTJIJIJI 


i*cw 


tsH 


*| Ms 


OUTPUTS) 

(DACA-D) 

NOTES: (1 ) Effective transition of CLK is positive and 3 successive clocks after clock for Bit 0 are required. 

(2) Effective transition of STRB is negative. (3) Max data update rate is 16 + 2 Clocks/1 CH or 64 + 2 Clocks/4CH. 


*~\ { LDW 


DATAn 


FIGURE 2a. Serial Interface Timing Diagram (Latch Mode). 


DAC A DAC B DAC C DAC D DAC X 

DATA X | 15 | 14 | 13 | 12 | ~ | 1 | 0 | 15 | 14 | 13 | 12 | | 1 | 0 | 15 | 14 | 13 | 12 | | 1 | 0 | 15 j 14 | 13 | 12 | |l |o|x|x|x|x|x|X~| 


clki " rirLruTj njirurr 

uuu niiiiar 

unru Riumr 


Lrumrui 

STRB(2) 

LOAD!*) 

| 

1 

tSTLD2 



u 





— - tcLST 



CLR 

OUTPUTS) 

(DAC A) 

OUTPUT! 3 ) 

(DAC B) 

OUTPUT! 3 ) 

(DAC C) 

OUTPUT! 3 ) 

(DAC D) 



~~ u 




X DATA n-1 X DATA n 








X DATA H' 1 X DATAn X 

i 




X DATA n-1 X 

DATA n 






X DATA n_i X- 


DATA n 


NOTES: (1) Effective transition of CLK is positive and 3 successive clocks after clock for Bit 0 are required. 

(2) Effective transition of STRB is negative. (3) Max data update rate is 16 + 2 Clocks/1 CH or 64 + 2 Clocks/4CH. 
(4) One cycle of data set of all channels is required before LOAD enable. 


FIGURE 2b. Serial Interface Timing Diagram (Transparent Mode). 
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TIMING SPECIFICATION 



DESCRIPTION 


CLOCK (CLK) width 
CLOCK (CLK) low width 
CLOCK (CLK) high width 
STROBE (STRB) low width 
STROBE (STRB) high width 
DATA (DATA) width 
LOAD (LOAD) low width 
CLEAR (CLR) low width 
DATA (DATA) to CLOCK (CLK) set-up time 
DATA (DATA) to CLOCK (CLK) hold time 
STROBE (STRB) to CLOCK (CLK) set-up time 
STROBE (STRB) to CLOCK (CLK) hold time 
STROBE (STRB) to LOAD (LOAD) delay time for latch mode 
STROBE (STRB) to LOAD (LOAD) delay time for transparent mode 
CLEAR (CLR) to LOAD (LOAD) delay time 
CLEAR (CLR) to STROBE (STRB) delay time 



3LINE Serial l/F 


ASYNC.LOAD and Clear 



^7 




-OUTA 

-OUTD 

28] 

JL 

+OUTA 

+OUTD 

d 

JL 

AGNDA 

AGNDD 

26 

JL 

RFA 

RFD 

d 

JL 

STRB 

AGND 

d 

JL 

DATA 

AGND 

23 

Ll 

CLK 

v cc 

22 

d 

LOAD 

V C c 

d 

d 

CLR 

Vref 

2o] 

d 

RFB 

RFC 

d 

d 

AGNDB 

AGNDC 

d 

d 

+OUTB 

+OUTC 

d 

d 

-OUTB 

-OUTC 

d 

d 

DGND 

V DD 

d 


C A , C D ; lOpF tantalum + 0.1 pF Ceramic 
C F , C G ; lOpF, depend on Band-Width 


FIGURE 3. Typical I/V Amp Connection. 
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DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (12-bit port interface) 


FEATURES 


• COMPLETE WITH REFERENCE AND 
OUTPUT AMPLIFIERS 

• 12-BIT PORT INTERFACE 

• ANALOG OUTPUT RANGE: ±10V 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 


• INTEGRAL LINEARITY 
ERROR: ±1/2LSB max 

• ±1 2V to ±15V SUPPLIES 

• 28-PIN PLASTIC DIP PACKAGE 


DESCRIPTION 

DAC2813 is a complete dual 12-bit digital-to-analog 
converter with bus interface logic. Each package in- 
cludes a precision +10V voltage reference, double- 
buffered bus interface including a RESET function 
and 12-bit D/A converters with voltage-output opera- 
tional amplifiers. 

The double-buffered interface consists of a 12-bit 
input latch and a D/A latch for each D/A converter. A 
RESET control allows the D/A outputs to be asyn- 
chronously reset to bipolar zero, a feature useful for 
power-up reset, system initialization and recalibration. 


DAC2813 output range resistors are internally con- 
nected for 20V full scale range. A 0 to 10V range can 
be connected using the bipolar offset resistor. Gain 
and bipolar offset of each D/A are adjustable with 
external trim potentiometers. 

DAC2813 is available in one performance grade with 
a integral linearity error of 1/2LSB and 12-bit mono- 
tonicity guaranteed over temperature. It is packaged in 
28-pin 0.6in. wide plastic DIP package and specified 
over -40°C to +85°C. 


10V 

Reference 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 * Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 * Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800)548-6132 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, +V CC = +12V or +15V, -V cc = -12V or -15V unless otherwise noted. 




DAC2813AP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUTS | 

DIGITAL INPUTS 

Over Temperature 





Input Code (1) 

Logic Levels (2 > 

V| H 

Range 

+2 

Bipolar Offset Binary 

+5.5< 3 > 

V 

V, 


0 


+0.8 

V 

Logic Input Currents 

DB0-DB1 1 , WR, LDAC, RESET, EN X 

! ih 

V, = +2.7V 



±20 

pA 

',L 

V, = +0.4V 



±20 

pA 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Linearity Error 



±1/4 

±1/2 

LSB 

Differential Linearity Error 



±1/2 

±1 

LSB 

Gain Error (5 ' 6) 



±0.05 

±0.2 

% 

Bipolar Zero Error (5 ' 7) 

Power Supply Sensitivity 



±0.05 

±0.2 

%FSR (4) 

Of Full Scale +V CC 



±5 

±20 

ppmFSR/%+V cc 

"Vcc 



±1 

±10 

ppmFSR/%-V cc 

DRIFT 

Over Specification 
Temperature Range 





Gain 



±5 

±30 

ppm/°C 

Bipolar Zero Drift 



±5 

±15 

ppmFSR/°C 

Linearity Error over Temperature 



±1/2 

±3/4 

LSB 

Monotonicity 



Guaranteed 



DYNAMIC CHARACTERISTICS | 

SETTLING TIME < 8 > 

To within ±0.012%FSR 






of Final Value 

5kQ || 500pF Load 





Full Scale Range Change 

20V Range 


4.5 

6 

M'S 

1 LSB Output Step (9) At Major Carry 



2 


ps 

Slew Rate 



10 


V/ps 

Crosstalk (10) 

5kQ Loads 


0.1 


LSB 

OUTPUT 

Output Voltage Range 

±V CC >±11.4V 



±10 

V 

Output Current 


±5 



mA 

Output Impedance 



0.2 


Q 

Short Circuit to ACOM Duration 



Indefinite 



REFERENCE VOLTAGE 

Voltage 

Source Current Available 


+9.95 

+10.00 

+10.05 

V 

for External Loads 


2 



mA 

Impedance 



0.2 


Q 

Temperature Coefficient 



±5 

±25 

ppm/°C 

Short Circuit to Common Duration 



Indefinite 



POWER SUPPLY REQUIREMENTS 

Voltage :+V cc 


+11.4 

+15 

+16.5 

V 

-V cc 


-11.4 

-15 

-16.5 

V 

Current: 

No Load 
±V CC =±15V 





+V CC 


24 

30 

mA 

-V CC 



12 

14 

mA 

Power Dissipation 

Potential at DCOM with 



540 

660 

mW 

Respect to ACOM (11 > 


—3 


+3 

V 

TEMPERATURE RANGES 

Specification 


-40 


+85 

°C 

Storage 


-60 


+100 

°C 

Thermal Resistance, 0 JA , Plastic DIP 



30 


°c/w 


NOTES: (1) For Two’s Complement Input Coding invert the MSB with an external logic inverter. (2) Digital inputs are TTL and +5V CMOS compatible over the 
specification temperature range. (3) Open DATA input lines will be pulled above +5.5V. See discussion under LOGIC INPUT COMPATIBILITY section. (4) FSR means 
Full Scale Range. For example, for ±1 OV output, FSR = 20V. (5) Adjustable to zero with external trim potentiometer. (6) Specified with 500Q connected between V REF 
0UT and V BEF1N . (7) Error at input code 800 HEX . DAC281 3 specified with 100Q connected between V REF0UT and V REF)N ; and with 500Q connected between V REF0UT and 
BPO. (8) Maximum represents the 3o limit. Not 1 00% tested for this parameter. (9) For the worst-case code change: 7FF HEX to 800 HEX and 800 HEX to 7FF HEX . ( 1 0) Crosstalk 
is defined as the change in any output as a result of any other output being driven from -1 0V to +1 0V at rated output current. (11) The maximum voltage at which ACOM 
and DCOM may be separated without affecting accuracy specifications. 
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ABSOLUTE MAXIMUM RATINGS 


+v cc to ACOM 

0 to +18V 

-V^ to ACOM 

0 to -18V 

+v>-v cc 

ACOM to DCOM 

Digital Inputs to DCOM 

0 to +36V 

+4V 

-1 V to +V CC 

External Voltage applied to BPO Resistor 

V D B „ irr 

+18V 

V 0 UT 

Lead Temperature, soldering 10s 

Max Junction Temperature 

Momentary to +18V 

+300°C 

165°C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 

cause permanent damage to the device. Exposure to absolute maximum 

conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC2813AP 

28-Pin DBL Wide DIP 

167 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 




TEMPERATURE 

MODEL 

PACKAGE 

RANGE 

DAC2813AP 

28-Pin DBL Wide DIP 

-40°C to +85°C 


BLOCK DIAGRAM 


MSB 

DB11- 


LSB 

--DB0 


WR 

ENi 

LDAC 

RESET 



BPO 2 


NOTE: RESET does not reset input latches. 


Vrefout ACOM DCOM-V cc +V cc 
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TIMING DIAGRAMS 



TRUTH TABLE 



Reset both D/A Latches. Does 
not reset input latches. 

No Operation 
No Operation 

Load Data into First Rank for D/A 2 
Load Data into First Rank for D/A 1 
Load Second Rank from First 
Rank, both D/As 
All Latches Transparent 


RESET COMMAND (Bipolar Mode) 
EN X , LDAC, WR = Don’t Care 




jjjyphj 

NAME 

FUNCTION 

■ 

DB11 

DATA, MSB, positive true. 

BSi 

DB10 

DATA 

wmm 

DB9 

DATA 

KB 

DB8 

DATA 

SB 

DB7 

DATA 

6 

DB6 

DATA 

7 

DB5 

DATA 

8 

DB4 

DATA 

9 

DB3 

DATA 

10 

DB2 

DATA 

11 

DB1 

DATA 

12 

DBO 

DATA, LSB. 

13 

RESET 

Resets output of all D/As to bipolar-zero. The D/A remains in this state until overwritten an LDAC-WR command. RESET does not 



reset the input latch. After power-up and reset, input latches will be in an indeterminant state. 

14 

WR 

Write strobe. Must be low for data transfer to any latch (except RESET). 

15 


Enable for 1 2-bit input data latch of D/A 2. NOTE: This logic path is slower than the WR\ path. 

16 

fliSB 

Enable for 12-bit input data latch of D/A 1 . NOTE: This logic path is slower than the WR\ path. 

17 

LDAC 

Load DAC enable. Must be low with WR for data transfer to the D/A latch and simultaneous update of both D/A converters. 

18 

DCOM 

Digital common, logic currents return. 

19 

-V cc 

Analog supply input, nominally -12V or -15V referred to ACOM. 

20 

+V cc 

Analog supply input, nominally +12V or +15V referred to ACOM. 

21 

V 

+1 0 V reference output. 

22 

ACOM 

Analog common, +V CC , -V cc supply return. 

23 

BP02 

Bipolar offset. Connect to pin 21 (V REF0UT ) through a 100Q resistor or through a 200 potentiometer for Bipolar Offset Adjust for D/A 2. 

24 

BPOI 

Bipolar offset. Connect to pin 21 (V REF0Ur ) through a 100Q resistor or through a 200 potentiometer for Bipolar Offset Adjust or D/A 1 . 

25 

v 

Connect to V REF0UT through 500C2 fixed resistor or through a 1 kQ gain adjustment potentiometer for D/A 2. 

26 

v REF1N1 

Connect to V REFOUT through 500Q fixed resistor or through a 1 kfi gain adjustment potentiometer for D/A 1 . 

27 

v 

v OUT 2 

D/A 2 analog output. 

28 

v 

"out 1 

D/A 1 analog output. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V cc = ±1 5V unless otherwise noted. 


POWER SUPPLY REJECTION vs 
POWER SUPPLY RIPPLE FREQUENCY 



Frequency (Hz) 



-2 0 2 4 6 8 

Input Voltage (V) 



Temperature (°C) 



000 400 800 COO FFF 

Input Code (Hexidecimal) 



0 5 10 15 20 25 


Time (ps) 



-2 0 2 4 6 8 10 12 14 

Time (ps) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25 °C, V cc = +15V unless otherwise noted. 



SETTLING TIME, +10V TO -10V 



V OUT 




1 LSB = 4.88mV 





\ 








r 








\ 










v o 

JT 
















WR 








f 








1 





. 





-2 0 2 4 6 8 10 12 

Time (|js) 


DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points 
(digital inputs all “Is” and all “Os”). DAC2813 linearity 
error is ±1/2LSB max at +25°C. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from a 
1LSB output change from one adjacent state to the next. A 
DLE specification of 1/2LSB means that the output step size 
can range from 1/2LSB to 3/2LSB when the digital input 
code changes from one code word to the adjacent code word 
If the DLE is more positive than -1LSB, the D/A is said to 
be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
DAC2813 is monotonic over their specification temperature 
range -40°C to +85°C. 

DRIFT 

Gain Drift is a measure of the change in the Full Scale 
Range (FSR) output over the specification temperature range. 
Gain Drift is expressed in parts per million per degree 
Celsius (ppm/°C). 

Bipolar Zero Drift is measured with a data input of 800 HEX . 
The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed in parts per million of Full Scale Range per 
degree Celsius (ppm of FSR/°C). 


> 
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SETTLING TIME, +1 0V TO -1 0V 



^OUT 




1 LSB = 4.88mV 





\ 








1 
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v o 

JT 



" 













Wr 
















i 










-2 0 2 4 6 8 10 12 

Time (ps) 


SETTLING TIME 

Settling Time is the total time (including slew time) for the 
output to settle to within an error band around its final value 
after a change in input. Settling times are specified to 
±0.01% of Full Scale Range (FSR) for two conditions: one 
for a FSR output change of 20V (25k£2 feedback) and one 
for a 1LSB change. The 1LSB change is measured at the 
Major Carry (7FF HEX to 800 REX , and 800 HEX to 7FF REX ), the 
input code transition at which worst-case settling time oc- 
curs. 


OPERATION 

INTERFACE LOGIC 

The bus interface logic of the DAC2813 consists of two 
independently addressable latches in two ranks for each 
D/A converter. The first rank consists of one 12-bit input 
latch which can be loaded directly from a 12- or 16-bit 
microprocessor/microcontroller bus. The input latch holds 
data temporarily before it is loaded into the second latch, the 
D/A latch. This double buffered organization permits simul- 
taneous update of all D/As. 

All latches are level-triggered. Data present when the con- 
trol signals are logic “0” will enter the latch. When the 
control signals return to logic “1”, the data is latched. 

CAUTION: DAC2813 was designed to use WR as the fast 
strobe. WR/ has a much faster logic path than EN X (or 
LDAC). Therefore, i f on e permanently wires WR to 
DCOM and uses only EN X to strobe data into the latches, 
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the DATA HOLD time will be long, approximately 20ns 
to 30ns and this time will vary considerably i n thi s range 
from unit to unit. DATA HOLD time using WR is 5ns 
max. 


RESET FUNCTION 

The Reset function resets only the D/A latch. Therefore, 
after a RESET, good data must be written to all the input 
latches before an LDAC - WR command is issued. Other- 
wise, old data or unknown data is present in the input latches 
and will be transferred to the D/A latch producing an analog 
output value that may be unwanted. 

LOGIC INPUT COMPATIBILITY 

DAC2813 digital inputs are TTL compatible (1.4V switch- 
ing level) over the operating range of +V CC . Each input has 
low leakage and high input impedance. Thus the inputs are 
suitable for being driven by any type of 5V logic. An 
equivalent circuit of a digital input is shown in Figure 1 . 

Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC2813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, the 
speed of the interface will be slower. A digital output driving 
a DATA input line of the DAC2813 must not drive, or let 
the DATA input float, above +5.5V. Unused DATA inputs 
should be connected to DCOM. 

Unused CONTROL inputs should be connected to a voltage 
greater than +2V but not greater than +5.5V. If this voltage 
is not available, the control inputs can be connected to +V CC 
through a lOOkO resistor to limit the input current. 



DIGITAL INPUT 

DAC2813 

RQ 

Data, LDAC, WR, RESET 

EN X 

500 

330 


FIGURE 1 . Equivalent Digital Input Circuit. 


INPUT CODING 

DAC2813 accepts positive-true binary input codes. 

Input coding for bipolar analog outputs is Bipolar Offset 
Binary (BOB), where an input code of 000 HEX gives a minus 
full-scale output, an input of FFF HEX gives an output 1LSB 
below positive full scale, and zero occurs for an input code 
of 800 hex . 


DAC2813 can be used with two’s complement coding if a 
logic inverter is used ahead of the MSB input (DB11). 

DAC2813 can be connected for 0 to +10V unipolar opera- 
tion by using the BPO resistors, plus a 1000 series resistor, 
in parallel with the internal feedback resistor. In this case, an 
input code of 000 HEX gives zero volt output, an input of 
FFF HEX gives an output 1LSB below positive full scale. 

INTERNAL/EXTERNAL REFERENCE USE 

DAC2813 contains a +10V ±50mV voltage reference, V REF 
out- Vrefout is available to drive external loads sourcing up 
to 2mA. The load current should be constant, otherwise the 
gain (and bipolar offset, if connected) of the D/A converters 
will vary. 

For DAC2813 V REF0UT must be connected to V REFIN { andl 
Vr E f in 2 through gain adjust resistors with a nominal value] 
of 500 Q. Trim potentiometers with a nominal value of 
1000£2 can be used to provide adjustment to zero gain error. 

It is possible to use references other than +10V. The recom- 
mended range of reference voltage is from +8V to +11V, 
which allows both 8.192V and 10.24V ranges to be used. 
However, DAC2813 is optimized for fixed-reference appli- 
cations. If the reference voltage is expected to time-vary 
over a wide range, a CMOS multiplying D/A is a better 
choice. 



FIGURE 2. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 


DIGITAL INPUT 

ANALOG OUTPUT | 

UNIPOLAR 

OTO +10V 

BIPOLAR 

±10V 

FFF h E x 

+9.9976V 

+9.9951 V 

800 hex 



7FF hex 

+4.9976V 


ooo HEX 



1LSB 

2.44mV 

4.88mV 


TABLE III. Analog Output Calibration Values. 
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GAIN AND OFFSET ADJUSTMENTS 

Figure 2 illustrates the relationship of offset and gain adjust- 
ments to a bipolar connected D/A converter. 
Offset should be adjusted first to avoid interaction of 
adjustments. 

Offset Adjustment 

For bipolar analog output operation, apply digital input code 
000^ to produce the maximum negative output and adjust 
the offset potentiometer for -1 0.000 V. See Table III for 
calibration values and codes. 

Gain Adjustment 

For either unipolar or bipolar operation, apply digital input 
code FFF hex gives the maximum positive voltage output. 
Adjust the gain potentiometer for this positive full scale 
voltage. See Table III for calibration values. 

INSTALLATION 

POWER SUPPLY CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in Figure 4. Best settling time performance occurs 
using a 1 to lOpF tantalum capacitor at -V cc . Applications 
with less critical settling time may be able to use 0.0 lpF at 
-V cc as well as at +V CC . The capacitors should be located 
close to the package. 

DAC2813 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. It is recommended that both DIGI- 


TAL COMMON (DCOM) and ANALOG COMMON 
(ACOM) be connected directly to a ground plane under the 
package. If a ground place is not used, connect the ACOM 
and DCOM pins together close to the package. Since the 
reference point for V 0UT and V REFOUT is the ACOM pin, it is 
also important to connect the load directly to the ACOM pin. 
The change in current in the ACOM pin due to an input date 
word change from 000 HEX to FFF HEX is only 1mA for each 
D/A converter. 

OUTPUT VOLTAGE SWING 
AND RANGE CONNECTIONS 

DAC2813 output amplifiers provide a ±10V output swing 
while operating on supplies as low as ± 12V ±5%. 

DAC2813 is internally connected to provide ±10V output 
when the bipolar offset pins BPOl and/or BP02 are con- 
nected, through 100£2 resistors, to V REF our For a unipolar 0 
to +10V output, the BPO resisitor, in series with a 100£2 
external resistor, may be paralleled with the internal feed- 
back resistor to provide the correct scaling. The internal 
feedback resistors (25k£2) and the bipolar offset resistor 
(24.9kQ) are trimmed to an absolute tolerance of ±2%. 

12- AND 16-BIT BUS INTERFACES 

DAC2813 data is latched into the input latches of each D/A 
by asserting low each ENx individually and transferring the 
data from the bus to each input latch by asserting WR low. 
All D/A outputs in each package are then updated simulta- 
neously by asserting LDAC and WR low. Be sure and read 
the CAUTION statement in the LOGIC INPUT COMPAT- 
IBILITY section. 


DAC2813 



DB1 1 

V OUT1 

DB10 

^OUT2 

DB9 

Vref IN 1 

DB8 

VrEF IN 2 

DB7 

BPO 1 

DB6 

BPO 2 

DB5 

ACOM 

DB4 

V 

V REF OUT 

DB3 

+ 

< 

O 

O 

DB2 

O 

O 

DB1 

DCOM 

DB0 

LDAC 

RESET 

ENi 

WR 

EN2 


Eh 


8*1 — A/W ■ 
3 — Wv — 1 

22] 

3 — 


V OUT 2 V OUT 1 

9 9 




-3? 




0.01 pF 


0.01 pF w 


3 

13 

15 j performance. 




0 (1) lOpF tantalum for 
__ optimum settling 


UNIPOLAR 
0 to +10V 


FIGURE 3. DAC2813 Power Supply, Output Range, Gain and Offset Adjust Connections. Unipolar output connected 
DAC2813s have Gain Adjust only. 
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1kl2 pot or 
5000 fixed 


1 k!2 pot or 
5000 fixed 


2000 pot or 
1000 fixed 


1 kO pot or 
5000 fixed 


+10V Range V 


FIGURE 4. DAC2813 Output Amplifier Range Connnections. 


0 to +10V Range 


1 kO pot or 
5000 fixed 


'vvv — LfiJ — — 

25kl2 

/V v 1 

20012 pot or 


'VVV 123 Wr- 

25kl2 
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" VVV 

10012 fixed 
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i 
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The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DAC2814 


DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (Serial Interface) 

FEATURES 

• COMPLETE DUAL DAC — 

INCLUDES INTERNAL REFERENCES AND 
OUTPUT AMPLIFIERS 

• GUARANTEED SPECIFICATIONS OVER 
TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 


DESCRIPTION 

The DAC2814 is one in a family of dual and quad 12- 
bit digital-to-analog converters. Serial, 8-bit, 12-bit 
interfaces are available. 

The DAC2814 is complete. It contains CMOS logic, 
switches, a high-performance buried-zener reference, 
and low-noise bipolar output amplifiers. No external 
components are required for either unipolar 0 to 10V, 
0 to -10V, or bipolar ±10V output ranges. 

The DAC2814 has a high-speed serial interface 
capable of being clocked at 10MHz. Serial data are 
clocked DAC B MSB first into a 24-bit shift register, 
then strobed into each DAC separately or simulta- 
neously as required. The DAC has an asynchronous 
clear control for reset to unipolar or bipolar zero 
depending on the mode selected. This feature is useful 
for power-on reset or system calibration. The DAC28 14 
is packaged in a 24-pin plastic DIP rated for the -40°C 
to +85°C extended industrial temperature range. 

High- stability laser-trimmed thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature range. 


• HIGH-SPEED SERIAL INTERFACE 
(10MHz CLOCK) 

• LOW POWER: 300mW (150mW/DAC) 

• LOW GAIN DRIFT: 5ppm/°C 

• LOW NONLINEARITY: ±1/2 LSB max 

• UNIPOLAR OR BIPOLAR OUTPUT 

• CLEAR/RESET TO UNIPOLAR OR 
BIPOLAR ZERO 
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SPECIFICATIONS, Guaranteed over T A = -40°C to +85°C unless otherwise specified. 


ELECTRICAL 

Specifications as shown for V s = ±12V or ±15V, V L = +5V, and R L = 2ki2 unless otherwise noted. 




DAC2814AP 

DAC2814BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Resolution 


12 



* 



Bits 

V 1H (Input High Voltage) 


+2 


+5 

* 


* 

V 

V IL (Input Low Voltage) 


0 


+0.8 

* 


* 

V 

l IN ( Input Current) 

T a = 25°C 



±1 



* 

pA 


T a = -40°C to +85°C 



±10 



* 

pA 

C IN (Input Capacitance) 



0.8 



* 


PF 

DIGITAL OUTPUT 

Data Out V 0L 

I sink = 1 - 6mA 

0 


+0.4 

* 


* 

V 

VoH 

'source = SOOpA 

+2.4 


+5 

* 


* 

V 

ACCURACY 

Integral, Relative Linearity 01 




±1 



±1/2 

LSB 

Differential Nonlinearity' 21 

T a = 25°C 



±1 



* 

LSB 


T a = -40°C to +85 °C 


+1.5/-1 




±1 

LSB 

Unipolar Offset Error 

T a = +25°C 



±1 



±0.5 

mV 


T a = -40°C TO +85°C 



±3 



* 

mV 

Bipolar Zero Error 




±20 



±10 

mV 

Gain Error Unipolar, Bipolar 

With Internal or External 10.0V Ref 



±0.2 



±0.15 

% 

Power Supply Sensitivity' 31 

V S = ±11.4V to ±18V 

V L = +4.5V to +5.5V 



30 




ppmFSR/V 

TEMPERATURE DRIFT 

Gain Drift Unipolar, Bipolar 



±5 

±30 


* 

±20 

ppm/°C 

Unipolar Offset Drift 



±0.1 

±5 


* 

* 

ppmFSR/°C 

Bipolar Zero Drift 



±5 

±15 


* 

±8 

ppmFSR/°C 

REFERENCE OUTPUT 









Output Voltage 


+9.980 

+10 

+10.020 

+9.985 

* 

+ 10.015 

V 

Reference Drift 



±2 

±30 


* 

±20 

ppm/°C 

Output Current 

T a = 25°C 

+10/-5 



* 



mA 


T a = -40°C to +85 °C 

+6.5/— 5 



* 



mA 

Max Load Capacitance (For Stability) 



500 



* 


PF 

Short Circuit Current 



±20 



* 


mA 

Load Regulation 




40 



* 

ppm/mA 

(A V 0UT vs A l L0AD ) 

Supply Regulation 
(4 V 0UT vs A V s ) 




±5 



* 

ppm/V 

INVERTER 









-10V Reference' 41 , Inverter Output 


-10.020 

-10 

-9.980 

-10.015 

* 

-9.985 

V 

-10V Reference Drift 




±30 



±20 

ppm/°C 

DC Output Impedance 



0.1 





Q 

Output Current 


±7 



* 



mA 

Max Load Capacitance (For Stability) 



200 





PF 

Short Circuit Current 



±30 



* 


mA 

REFERENCE INPUT 

Reference Input Resistance 


3.5 

5 


* 

* 


kQ 

Inverter Input Resistance 


7 

10 


* 

* 


k£2 

BPO Input Resistance 


14 

20 


* 

* 


kQ 

Reference Input Range 




±10 



* 

V 

ANALOG SIGNAL OUTPUTS 

Voltage Range 


"V s + 1-4 


+ Vg —1.4 

* 


* 

V 

DC Output Impedance 



0.1 



* 


Q. 

Output Current 


±5 



* 



mA 

Max Load Capacitance (For Stability) 

V OUT 


500 





PF 

Short Circuit Current 


±30 



* 


mA 

DYNAMIC PERFORMANCE ' 51 

C L = lOOpF 








Unipolar Mode Settling Time 

To 1/2 LSB of Full Scale 


2.5 

10 


* 

* 

ps 

Bipolar Mode Settling Time 

To 1/2 LSB of Full Scale 


3.5 

10 


* 

* 

ps 

Slew Rate 



10 



* 


V/ps 

Small-Signal Bandwidth 



3 



* 


MHz 

ANALOG GROUND CURRENT 

(Code Dependent) 



±2 



* 


mA 

DIGITAL CROSSTALK 

Full Scale Transition 


3 





nV-s 


C L = lOOpF 








D/A GLITCH IMPULSE 



30 



* 


nV-s 


mm 
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SPECIFICATIONS (CONT), Guaranteed over T A = -40°C to +85°C unless otherwise specified. 


ELECTRICAL 

Specifications as shown for V s = ±12V or ±15V, V L « +5V, and R L = 2kQ unless otherwise noted. 




DAC2814AP 

DAC2814BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 




UNITS 

POWER SUPPLY 









+ V S and -V s 


±11.4 

±15 

±18 

* 

* 

* 

V 

+V L 


4.5 

5 

5.5 

* 

* 

* 

V 

+, s 



+10 

+13.5 


* 

* 

mA 

-l s 



-10 

-13.5 


* 

* 

mA 

+! l 

Digital Inputs = OV or +V L 


0.2 

1 


* 

* 

mA 

+I L 

Digital Inputs = V IL or V 1H 



5 



* 

mA 

Total Power, All DACs 



300 

410 


* 

* 

mW 

TEMPERATURE RANGE 









Specified 


-40 


+85 

* 


* 

°C 

Operating 


-40 


+85 

* 


* 

°C 

Thermal Resistance 0 JA 



75 



* 


°C/W 


NOTES: (1) End point linearity. (2) Guaranteed monotonic. (3) Change in bipolar full scale output. Includes voltage output DAC, voltage reference, and reference 
inverter. (4) Inverter output with inverter input connected to +V REF . (5) Guaranteed but not tested. 


ABSOLUTE MAXIMUM RATINGS 


+V L to AGND 

0V, +7V 

+V L to DGND 

0V, +7V 

+V S to AGND 

0V, +18V 

-V s to AGND 

0V.-18V 

AGND to DGND 

+0.3V 

Any digital input to DGND 

-0.3V, +V L +0.3V 

Ref In to AGND 

+25V 

Ref In to DGND 

+25V 

Storage Temperature Range 

-55°C to +1 25°C 

Operating Temperature Range 

—40° C to +85°C 

Lead Temperature (soldering, 10s) 

+300°C 

Junction Temperature 

+155°C 

Output Short Circuit 

Continuous to common or +V S 

Reference Short Circuit 

Continuous to common or +V S 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC2814AP 

24-Pin Plastic DIP 

167 

DAC2814BP 

24-Pin Plastic DIP 

167 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN DESIGNATIONS 



DESCRIPTOR 

1 

DGND 

2 

LATCH B 

3 

CLR 

4 

MODE 

5 

Data Out 

6 

+V L 

7 

-v s 

8 

AGND 

9 

NC 

10 

+V S 

11 

V REF m 

12 

Inv Out 


Digital common 

Latch data update, logic input, DAC B 
Asychronous input reset to zero 
Selection input for unipolar or bipolar reset to zero 
Serial data output 

Positive logic power supply, +5V input 

Negative analog power supply , -15V input 

Analog common 

No internal connection 

Positive analog power supply, +1 5V input 

± Reference voltage input 

Inverter (A3) output 



PIN CONFIGURATIONS 


Top View 




DGND 

[I 

W 3 

CS 

LATCH B 

JL 

23 

Data In 

CLR 

3 

22 

LATCH A 

MODE 

[I 

3 

CLK 

Data Out 

JL 

20 

NC 

+v L 

JL 

DAC2814 19 

BPO A 

-V s 

E 

E 

BPOB 

AGND 

E 

3 

V OUT B 

NC 

E 

E 

+V REF ° Ut 

+v s 

E 

E 

Inv In 

Vref In 

E 

E 

^OUT A 

Inv Out 

E 

E 

NC 


NC 

) = No Internal Connection 



TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±12V or ±15V, V L = +5V unless otherwise noted. 


PSRR vs FREQUENCY (Bipolar Mode) 


NOISE vs BANDWIDTH (Bipolar Mode) 




Frequency (Hz) 
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A Bipolar Offset and Zero Error (mV) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±1 2V or ±1 5V, V L = +5V unless otherwise noted. 


CHANGE OF GAIN, BIPOLAR OFFSET AND ZERO ERROR 
vs TEMPERATURE 

+1.5 
+ 1.0 
+0.5 
0 

-0.5 
- 1.0 
-1.5 



POWER SUPPLY CURRENT vs TEMPERATURE 


+0.015 



11.8 

+0.01 



11.6 



>s 




a. 

a. 

11.4 

+0.005 

O 

d 

CO 



LU 

O) 

o 

11.2 

0 

C 

'as 

as 

c 



(5 

< 

11 


<3 

< 


-0.005 


E 




w 

10.8 



+i 


-0.01 



10.6 

-0.015 



10.4 



-40 -20 0 20 40 60 80 

Temperature (°C) 


-40 -20 0 20 40 60 80 

Temperature (°C) 


1.4 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 


OUTPUT VOLTAGE SWING vs RESISTOR LOAD CROSSTALK (Bipolar Mode) 



10 100 Ik 10k 

Load Resistance (Q) 



Time (500ns/div) 


NOTE: Crosstalk i s domin ated by digital crosstalk/ 
feedthrough of the LATCH signal. 


FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 


LATCH 



FULL-SCALE OUTPUT SWING 
UNIPOLAR (10V Step) 



Time (2ps/div) 


Time (2ps/div) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±12V or ±15V, V L = +5V unless otherwise noted. 



SETTLING TIME 
UNIPOLAR (+10V to OV STEP) 



Time (1 ps/div) 


SETTLING TIME 
UNIPOLAR (OV to +10V Step) 



Time (1 ps/div) 


MAJOR CARRY GLITCH 


LATCH 


Time (lus/div) 

NOTE: Data transition 800 HEX to 7FF HEX . 



DIGITAL FEEDTHROUGH 



Time (500ns/div) 

DAC output noise due to activity on digital inputs 
with latch disabled. 


rw 
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TIMING CHARACTERISTICS 

V L = +5V, T a = -40°C to +85°C. 


PARAMETER 

MINIMUM 

t— Data Setup Time 

15ns 

t,— Data Hold time 

15ns 

t 3 — Chip Select to CLK, 

15ns 

Latch, Data Setup Time 


t 4 — Chip Select to CLK, 

40ns 

Latch, Data Hold Time 


t 5 — CLK Pulse Width 

40ns 

t 6 — Clear Pulse Width 

40ns 

t 7 — Latch Pulse Width 

40ns 

t— CLK Edge to LATCH A 

15ns 

or LATCH B 




-0V 

55 5V 
"OV 


NOTES: (1) All input signal rise and fall times are measured from 10% to 90% of +5V • t R = t F = 5ns. 
(2) Timing measurement reference level is V IH + V, L . 


INTERFACE LOGIC TRUTH TABLE 




BuJK 

cs 

LATCH A 

LATCH B 

FUNCTION 

X 

mm 

i 

0 

X 

X 

Data Clocked In 

X 


X 

1 

X 

X 

No Data Transfer 

X 

HyB 

X 

0 

0 

1 

DAC A Register Updated 

X 

K 

X 

0 

1 

0 

DAC B Register Updated 

X 

i 

X 

0 

0 

0 

DAC A and DAC B Updated Together 

0 

0 

X 

X 

X 

X 

All Registers Cleared 

1 

0 

X 

X 

X 

X 

Shift Registers Cleared = 000 HEX , DAC Registers = 800 HEX 


NOTE: X = Don’t care i = Falling edge triggered. 


FUNCTIONAL BLOCK DIAGRAM , DAC2814 — Dual, 12 bit DAC, Serial Port 
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DISCUSSION OF 
SPECIFICATIONS 

INPUT CODES 

All digital inputs of the DAC2814 are TTL and 5 V CMOS 
compatible. Input codes for the DAC2814 are either USB 
(Unipolar Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. See Figure 3 for ±10V 
bipolar connection. See Figures 4 and 5 for 0 to 10V and 0 
to -10V unipolar connections. 


UNIPOLAR AND BIPOLAR 
OUTPUTS FOR SELECTED INPUT 


DIGITAL INPUT 

UNIPOLAR (USB) 

BIPOLAR (BOB) 

FFFhex 

+Full scale 

+Full scale 

8 0°h E x 

+1/2 Full scale 

Zero 

7FF hex 

+1/2 Full scale -1 LSB 

Zero - 1 LSB 

OOOhex 

Zero 

-Full scale 


INTEGRAL OR RELATIVE LINEARITY 

This term, also know as end point linearity, describes the 
transfer function of analog output to digital input code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1 
LSB change in the output voltage when the input code 
changes by 1 LSB. A differential nonlinearity specification 
of ±1 LSB maximum guarantees monotonicity. 

UNIPOLAR OFFSET ERROR 

The output voltage for code 000 HEX when the DAC is in 
unipolar mode of operation. 

BIPOLAR ZERO ERROR 

The output voltage for code 800 HEX when the DAC is in the 
bipolar mode of operation. 

GAIN ERROR 

The deviation of the output voltage span (V MAX - V MIN ) from 
the ideal span of 10V - 1 LSB (unipolar mode) or 20V - 1 
LSB (bipolar mode). The gain error is specified with and 
without the internal +10V reference error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to ±0.012% (1/2 LSB) is specified for the DAC2814. 

DIGITAL-TO-ANALOG GLITCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality glitches occur 
during the transition. See Typical Performance Curves. 

BURR -BROWN® 


DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC — see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in nV-s. See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedthrough is the noise at a DAC output due to 
activity on the digital inputs — see Typical Performance 
Curves. 

OPERATION 

DACs can be updated simultaneously or independently as 
required. Data are transferred on falling clock edges into a| 
24-bit shift register. DAC B MSB is loade d first. D ata arej 
transferred to the DAC registers when the LATC H signals 
are brought low. The data are latched when the LATCH 
signals are brought high. Both LATCH signals may be tied 
together to allow simultaneous update of the DACs if re- 
quired. The output of the DAC shift register is provided to 
allow cascading of several DACS on the same bit stream. 
By using separate signals for LATCH A and LATCH B, it 
is possible to update either one of the two DACs every 12 
clock cycles. 

When CLR is brought low, the input shift registers are 
cleared to 000 HEX , while the DAC registers = 800 HEX . If 
LATCH is brought low after CLR, the DACs are updated 
with 000 HEX resulting in -10V (Bipolar) or 0V (Unipolar) on 
the output. 

CIRCUIT DESCRIPTION 

Each of the two DACs in the DAC2814 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener +10.0V reference and a reference inverter 
(for a -10.0V reference) are shared by both DACs. 

Figure 1 is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at V . 
Current from the ladder is switched either to I OUT or AGND 
by 12 single-pole double-throw CMOS switches. This main- 
tains constant current in each leg of the ladder regardless of 
digital input code. This makes the resistance at V REF constant 
(it can be driven by either a voltage or current reference). 
The reference can be either positive or negative polarity with 
a range of up to ±10V. 


R R R 

Vre°f J v ' / * J T vVv » T 

:>2R :>2R ^2R ;§2R < 

? i| j ijj t ij < 

>2R 

> 2 ^UT 



Dll DIO D9 DO 

(MSB) (LSB) 

O 

AGND 


FIGURE 1 . Simplified Circuit Diagram of DAC Cell. 
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CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback resistor, R FB , compensate for 
the temperature drift of the ladder switch ON resistance. 

The output op amps are connected as transimpedance ampli- 
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed and compen- 
sated for precision and fast settling in this application. 

POWER SUPPLY CONNECTIONS 

The DAC2814 is specified for operation with power sup- 
plies of V L = +5V and V s = either ±12V or ±15V. Even with 
the V s supplies at ±1 1.4V the DACs can swing a full ±10V. 
Power supply decoupling capacitors (lpF tantalum) should 
be located close to the DAC power supply connections. 

Separate digital and analog ground pins are provided to 
permit separate current returns. They should be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code dependent so the impedance to the system 
reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than 0. IQ for less than 0. 1LSB error. 

-10V REFERENCE 

An internal inverting amplifier (Gain = -1.0V/V) is pro- 
vided to invert the +10V reference. Connect +V REF Out to 
Inv In for a -10V reference at Inv Out. 


OUTPUT RANGE CONNECTIONS 
±1 0V Output Range 

For a ±10V bipolar outputs connect the DAC2814 as shown 
in Figure 3. Connect the MODE to logic high (+5V) for reset 
to bipolar zero. With MODE connected low (GND) reset 
will be to -Full-Scale. 

0 To +10V Output Range 

For 0 to +10V unipolar outputs connect the DAC2814 as 
shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

0 To -10V Output Range 

For 0 to -10V unipolar outputs connect the DAC2814 as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

CONNECTION TO DIGITAL BUS 
Cascaded Bus Connection 

Multiple DAC2814s can be connected to the same CLK and 
DATA input lines in two ways. Since the output of the DAC 
shift register is available, any number of DAC2814s can be 
cascaded on the same input bit stream as shown in Figure 6. 
This arrangement allows all DACs in the system to be 
updated simultaneously and requires a min imum number of 
control signal inputs. However, up to 24N CLK cycles may 
be required to update any given DAC, where 
N = number of DAC2814s. 

Parallel Bus Connection 

Several DAC2814s can also have their DATA inputs con- 
nected in parallel as shown in Figure 7. This allows any 
DAC in the system to be updated in a maximum of 24 CLK 
cycles. 
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FIGURE 3. Analog Connections for ±10V DAC Output. 



FIGURE 4. Analog Connections for 0 to +10V DAC Output. 
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FIGURE 6. Cascaded Serial Bus Connection for Multiple FIGURE 7. Parallel Bus Connection for Multiple DAC 

DAC packages. packages. 
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DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (8-Bit Port Interface) 


FEATURES 


• HIGH-SPEED 8 + 4-BIT PARALLEL 
INTERFACE 

• LOW POWER: 300mW (150mW/DAC) 

• LOW GAIN DRIFT: 5ppm/°C 

• LOW NONLINEARITY: ±1/2 LSB max 

• UNIPOLAR OR BIPOLAR OUTPUT 

• CLEAR/RESET TO UNIPOLAR OR 
BIPOLAR ZERO 


► COMPLETE DUAL DAC — 

INCLUDES INTERNAL REFERENCES AND 
OUTPUT AMPLIFIERS 

► GUARANTEED SPECIFICATIONS OVER 
TEMPERATURE 

► GUARANTEED MONOTONIC OVER 
TEMPERATURE 


DESCRIPTION 

The DAC2815 is one in a family of dual and quad 12- 
bit digital-to-analog converters (DACs). Serial, 8-bit, 
12-bit interfaces are available. 

The DAC2815 is complete. It contains CMOS logic, 
switches, a high-performance buried-zener reference, 
and low-noise bipolar output amplifiers. No external 
components are required for either unipolar 0 to 10V, 
0 to -10V, or bipolar ±10V output ranges. 

The DAC2815 has a 2-byte (8 + 4) double-buffered 
interface. Data is first loaded (level transferred) into 
the input registers in two steps for each DAC. Then 
both DACs are updated simultaneously. The DAC has 
an asynchronous clear control for reset to unipolar or 
bipolar zero depending on the mode selected. This 
feature is useful for power-on reset or system calibra- 
tion. The DAC2815 is packaged in a 28-pin plastic 
DIP rated for the -40°C to +85 °C extended industrial 
temperature range. 

High-stability laser-trimmed thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature range. 
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SPECIFICATIONS Guaranteed over T A = -40°C to +85°C unless otherwise specified. 


ELECTRICAL 

Specifications as shown for V s = +12V or ±15V, V L = +5V, and R L = 2kO unless otherwise noted. 




DAC2815AP 

DAC2815BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Resolution 


12 



* 



Bits 

V IH (Input High Voltage) 


2 


5 

* 


* 

V 

V IL (Input Low Voltage) 


0 


0.8 

* 


* 

V 

l IN ( Input Current) 

T a = 25°C 



±1 



* 

pA 


T a = -40°C to +85°C 



±10 



* 

ma 

C IN (Input Capacitance) 



0.8 



* . 


pF 

ACCURACY 

Integral, Relative Linearity' 1 * 




±1 



±1/2 

LSB 

Differential Nonlinearity' 2 * 

T a = 25°C 



±1 



* 

LSB 


T a = — 40°C to +85°C 


+1.5/-1 




±1 

LSB 

Unipolar Offset Error 

T a = +25°C 



±1 



±0.5 

mV 


T a = -40°C TO +85°C 



±3 



* 

mV 

Bipolar Zero Error 




±20 



±10 

mV 

Gain Error Unipolar, Bipolar 

With Internal or External 1 0.0V Ref 



±0.2 



±0.15 

% 

Power Supply Sensitivity' 3 * 

V s = ±1 1 .4V to ±1 8V, 



30 



* 

ppmFSR/V 


V L = +4.5V to +5.5V 








TEMPERATURE DRIFT 

Gain Drift Unipolar, Bipolar 



±5 

±30 


* 

±20 

ppm/°C 

Unipolar Offset Drift 



±0.1 

±5 


* 

* 

ppmFSR/°C 

Bipolar Zero Drift 



±5 

±15 


* 

±8 

ppmFSR/°C 

REFERENCE OUTPUT 









Output Voltage 


+9.980 

+10 

+10.020 

+9.985 

* 

+10.015 

V 

Reference Drift 



±2 

±30 


* 

±20 

ppm/°C 

Output Current 

T a = 25°C 

+10/— 5 



* 



mA 


T a = -^0°C to +85°C 

+6.5/— 5 



* 



mA 

Max Load Capacitance (For Stability) 



500 



* 


PF 

Short Circuit Current 



±20 



* 


mA 

Load Regulation 




40 



* 

ppm/mA 

(A V OUT vs A l LOAD ) 

Supply Regulation 




±5 



* 

ppm/V 

(A V OUT vs A VJ 

INVERTER 









-10V Reference' 4 *, Inverter Output 


-10.020 

-10 

-9.980 

-10.015 


-9.985 

V 

-1 0V Reference Drift 




±30 



±20 

ppm/°C 

DC Output Impedance 



0.1 





Q 

Output Current 


±7 



* 



mA 

Max Load Capacitance (For Stability) 



200 



* 


pF 

Short Circuit Current 



±30 



* 


mA 

REFERENCE INPUT 

Reference Input Resistance 


3.5 

5 


* 

* 


kQ 

Inverter Input Resistance 


7 

10 


* 

* 


kQ 

BPO Input Resistance 


14 

20 


* 

* 


kQ 

Reference Input Range 




±10 



* 

V 

ANALOG SIGNAL OUTPUTS 

Voltage Range 


-Vg+1.4 


+V S -1.4 

* 


* 

V 

DC Output Impedance 



0.1 



* 


Q 

Output Current 


±5 



* 



mA 

Max Load Capacitance (For Stability) 

Vqut 


500 



* 


PF 

Short Circuit Current 



±30 



* 


mA 

DYNAMIC PERFORMANCE' 5 * 

C L = lOOpF 








Unipolar Mode Settling Time 

To 1/2 LSB of Full Scale 


2.5 

10 


* 

* 

MS 

Bipolar Mode Settling Time 

To 1/2 LSB of Full Scale 


3.5 

10 


* 

* 

ps 

Slew Rate 



10 



* 


V/ps 

Small-Signal Bandwidth 



3 



* 


MHz 

ANALOG GROUND CURRENT 

(Code Dependent) 



±2 





mA 

DIGITAL CROSSTALK 

Full Scale Transition 


3 



* 


nV-s 


C L = lOOpF 








D/A GLITCH IMPULSE 



30 



* 


nV-s 
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SPECIFICATIONS (CONT), Guaranteed over T A = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 

Specifications as shown for V s = +12V or ±15V, V L = +5V, and R L = 2kQ unless otherwise noted. 




DAC2815AP 

DAC2815BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY 

+V S and -V s 


±11.4 

±15 

±18 

* 

* 

* 

V 

+V L 


4.5 

5 

5.5 

* 

* 

* 

V 

+l s 



+10 

+13.5 


* 

* 

mA 

-Is 



-10 

-13.5 


* 

* 

mA 

+! l 

Digital Inputs = OV or +V L 


0.2 

1 


* 

* 

mA 

+I L 

Digital Inputs = V IL or V |H 



5 



* 

mA 

Total Power, All DACs 



300 

410 


* 

* 

mW 

TEMPERATURE RANGE 

Specified 


-40 


+85 

* 


* 

°C 

Operating 


-40 


+85 

* 


* 

°C 

Thermal Resistance, 0 JA 



75 



* 


°C/W | 


NOTES: (1) End point linearity. (2) Guaranteed monotonic. (3) Change in bipolar full scale output. Includes voltage output DAC, voltage reference, and reference 
inverter. (4) Inverter output with inverter input connected to +V REF . (5) Guaranteed but not tested. 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DAC2815AP 

28-Pin Plastic DIP 

215 

DAC2815BP 

28-Pin Plastic DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ABSOLUTE MAXIMUM RATINGS 


+V L to AGND 

0V, +7V 

+V^to DGND 

0V, +7V 

+V S to AGND 

0V, +18V 

-V s to AGND 

0V.-18V 

AGND to DGND 

+0.3V 

Any digital input to DGND 

-0.3V, +V L +0.3V 

Ref In to AGND 

+25V 

Ref In to DGND 

+25V 

Storage Temperature Range 

-55° C to +125°C 

Operating Temperature Range 

-40°C to +85°C 

Lead Temperature (soldering, 10s) 

+300°C 

Junction Temperature 

+155°C 

Output Short Circuit 

Continuous to common or ±V S 

Reference Short Circuit 

Continuous to common or +V S 


ORDERING INFORMATION 



LINEARITY ERROR 

MODEL 

(LSB) 

DAC2815AP 

±1 

DAC2815BP 

±1/2 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 


IMM* 


Burr-Brown IC Data Book — Data Conversion Products 


3.163 


DIGITAL-TO-ANALOG CONVERTERS D DAC2815 














For Immediate Assistance, Contact Your Local Salesperson 


PIN DESIGNATIONS 



PIN CONFIGURATION 





DIP 

D 6 

LL 


28 

DGND 

d 7 

2 


- 

d 5 

A 0 

JL 


26 

d 4 

A 1 

JL 


» 

D 3 

CLR 

JL_ 


* 

d 2 

MODE 

JL 

DAC2815 

23 

Di 

CS 

JL 


22 

D 0 

-Vs 

III 


El 

WR 

LE 

[I 


2o] 

BPO A 

+ V L 

EZ 


EZ 

BPOB 

AGND 

El 


EZ 

Inv In 

+v s 

EZ 


EZ 

+v ref O ut 

Vref ,n 

EZ 


EZ 

v out a 

Inv Out 

El 


EZ 

VqutB 


TYPICAL PERFORMANCE CURVES 

T a = +25° C, V s = ±12V or ±15V, V L = +5V unless otherwise noted. 


PSRR vs FREQUENCY (Bipolar Mode) NOISE vs BANDWIDTH (Bipolar Mode) 



100k 

1M 

100 

Ik 

10k 

100k 

1M 

Frequency (Hz) 




Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±12V or ±15V, V L = +5V unless otherwise noted. 


CHANGE OF GAIN, BIPOLAR OFFSET AND ZERO ERROR 
vs TEMPERATURE 




-40 -20 0 20 40 60 80 


Temperature (°C) 


3.5 
3 

2.5 
2 

1.5 
1 

0.5 

0 



10 100 Ik 10k 

Load Resistance (n) 


CROSSTALK (Bipolar Mode) 



Time (500ns/div) 


NOTE: Crosstalk is dominated by digital crosstalk/ 
feedthrough of the LE signal. 


FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 



FULL-SCALE OUTPUT SWING 
UNIPOLAR (10V Step) 



Time (2ps/div) 


HH 
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Vqut (20mV/div) AV Around -1 OV (1 mV/div) AV Around +1 OV (2mV/div) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±1 2V or ±1 5V, V L = +5V unless otherwise noted. 


SETTLING TIME 
BIPOLAR (-10V to+IOV) 



Time (Ips/div) 


SETTLING TIME 
BIPOLAR (+10V to -10V Step) 



Time (2ps/div) 


SETTLING TIME SETTLING TIME 

UNIPOLAR (+1 OV to OV STEP) UNIPOLAR (OV to +1 OV Step) 



Time (1 ps/div) Time (1 ps/div) 


MAJOR CARRY GLITCH DIGITAL FEEDTHROUGH 



Time (Ips/div) Time (500ns/div) 

NOTE: Data transition 800 HEX to 7FF HEX . DAC output noise due to activity on digital inputs 

with latch disabled. 
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TIMING CHARACTERISTICS 

+V L = +5V, T a = -40°C to +85°C. 


PARAMETER 

MINIMUM 

t, — Address Valid to Write Setup Time 

10ns 

t 2 — Address Valid to Write Hold Time 

10ns 

t 3 — Data Setup Time 

30ns 

t 4 — Data Hold Time 

10ns 

t 5 — Chip Select to LE 

0ns 

or Write Setup Time 


t 6 — Chip Select to LE 

0ns 

or Write Hold Time 


t 7 — ' Write Pulse Width 

40ns 

t 8 — Clear Pulse Width 

40ns 



NOTES: (1) All input signal rise and fall times are measured 
from 10% to 90% of +5V. t R = t F = 5ns. 

(2) Timing measurement reference level is V| H + Vil • 


INTERFACE LOGIC TRUTH TABLE 



DAC A LS Input Register Loaded with D7-D0 (LSB) 

DAC A MS Input Register Loaded with D3-(MSB)-D0 
DAC B LS Input Register Loaded with D7-D0 (LSB) 

DAC B MS Input Register Loaded with D3-(MSB)-D0 

DAC A, DAC B Registers Updated Simultaneously from Input Registers 

DAC A, DAC B Registers are Transparent 

No Data Transfer 

No Data Transfer 

All Registers Cleared 

Input Registers Cleared = 000 HEX , DAC Registers = 800 HEX 


NOTE: X = Don’t care. 

FUNCTIONAL BLOCK DIAGRAM, DAC2815 — Dual 12 bit DAC, 8 bit Port 


Data In 


4-Bit k 

Input Bits 8-11/ 
Register * 


8-Bit >\ 

Input Bits 0-7 
Register ( 


4-Bit k 

Input Bits 8 -1 1 , 

Register ~ ~V 

8-Bit \ 

Input Bits 0 - 7 y 

Register / 


12-Bit \ 

Latch BifeO- 11 / DA C A 
Register I * 


Bits 0-11 } DACB 



+V L +V S -V s AGND DGND 



+10V 

10kQ 

— V vv 

Voltage 

”1 rvW - ^ - 


Reference 

r 

a 3 ^>— 


+V RF p Out Inv In 
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DISCUSSION OF 
SPECIFICATIONS 

INPUT CODES 

All digital inputs of the DAC2815 are TTL and 5V CMOS 
compatible. Input codes for the DAC2815 are either USB 
(Unipolar Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. See Figure 3 for ±10V 
bipolar connection. See Figures 4 and 5 for 0 to 10V and 0 
to -10V unipolar connections. 


UNIPOLAR AND BIPOLAR 
OUTPUTS FOR SELECTED INPUT 


DIGITAL INPUT 

UNIPOLAR (USB) 

BIPOLAR (BOB) 

FFFhex 

+Full scale 

+Full scale 

800 hex 

+1/2 Full scale 

Zero 

7FF hex 

+1/2 Full scale - 1 LSB 

Zero-1 LSB 

OOOhex 

Zero 

-Full scale 


INTEGRAL OR RELATIVE LINEARITY 

This term, also known as end point linearity, describes the 
transfer function of analog output to digital input code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1 
LSB change in the output voltage when the input code 
changes by 1 LSB. A differential nonlinearity specification 
of ±1 LSB maximum guarantees monotonicity. 

UNIPOLAR OFFSET ERROR 

The output voltage for code 000 HEX when the DAC is in the 
unipolar mode of operation. 

BIPOLAR ZERO ERROR 

The output voltage for code 800 HEX when the DAC is in the 
bipolar mode of operation. 

GAIN ERROR 

The deviation of the output voltage span (V MAX - V MIN ) from 
the ideal span of 10V - 1 LSB (unipolar mode) or 20V - 1 
LSB (bipolar mode). The gain error is specified with and 
without the internal +10V reference error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to ±0.012% (1/2 LSB) is specified for the DAC2815. 


DIGITAL-TO-ANALOG GLITCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality, glitches occur 
during the transition. See Typical Performance Curves. 

DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC — see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in nV-s. See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedthrough is the noise at a DAC output due to 
activity on the digital inputs — see Typical Performance 
Curves. 

OPERATION 

Depending on the address selected, the 4 MSBs or the 8 
LSBs are written into the appropriate input register for each 
DAC when the WR signal is broug ht lo w. This data is 
latched in the input register when the WR goes high. Data 
are then transferred from the input registers to the DAC latch 
registers by bring LE low. The data are latched in the DAC 
latch registers when LE goes high. Both DACs are updated 
simultaneously. 

When CLR is brought low, the input registers are cleared to 
000 hex (-10V), while the DAC registers = 800 HEX . If LE is 
brought low, the DACs are updated with 000 HEX resulting in 
-10V (bipolar) or 0V (unipolar) on the output. 

CIRCUIT DESCRIPTION 

Each of the two DACs in the DAC2815 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener +10.0V reference and a reference inverter 
(for a -10.0V reference) are shared by both DACs. 

Figure 1 is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at V REF . 
Current from the ladder is switched either to I OUT or AGND 
by 12 single-pole double-throw CMOS switches. This main- 
tains constant current in each leg of the ladder regardless of 



FIGURE 1. Simplified Circuit Diagram of DAC Cell. 
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NOTE: Ideally R GND = OQ 


FIGURE 2. Recommended Ground Connections for Multiple DAC packages. 


digital input code. This makes the resistance at V REF constant 
(it can be driven by either a voltage or current reference). 
The reference can be either positive or negative polarity with 
a range of up to ±10V. 

CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback resistor, R ra , compensate for 
the temperature drift of the ladder switch ON resistance. 

The output op amps are connected as transimpedance ampli- 
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed and compen- 
sated for precision and fast settling in this application. 

POWER SUPPLY CONNECTIONS 

The DAC2815 is specified for operation with power sup- 
plies of V L = +5V and V s = either +12V or ±15V. Even with 
the V s supplies at ±1 1.4V the DACs can swing a full ±10V. 
Power supply decoupling capacitors (lpF tantalum) should 
be located close to the DAC power supply connections. 

Separate digital and analog ground pins are provided to 
permit separate current returns. They should be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code dependent so the impedance to the system 
reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than 0. 1£2 for less than 0. 1LSB error. 

-10V REFERENCE 

An internal inverting amplifier (Gain = -1.0V/V) is 
provided to invert the +10V reference. Connect +V REF Out to 
Inv In for a -10V reference at Inv Out. 


OUTPUT RANGE CONNECTIONS 
±10V Output Range 

For a ±10V bipolar outputs connect the DAC2815 as shown 
in Figure 3. Connect the MODE to logic high (+5V) for reset 
to bipolar zero. With MODE connected low (GND) reset 
will be to -Full-Scale. 

0 To +10V Output Range 

For 0 to +10V unipolar outputs connect the DAC2815 as 
shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

0 To -10V Output Range 

For 0 to -10V unipolar outputs connect the DAC2815 as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

CONNECTION TO DIGITAL BUS 

DAC2815s can easily be connected to a ^processor bus. 
Decode your address lines to derive the control signals 
shown in Figure 6. Only one LATCH signal is required for 
a system where all DAC2815s are updated simultaneously. 
If you want to update DAC2815s independently, use sepa- 
rate LATCH signals. The LATCH and WRITE signals can 
be brought low simultaneously to update the DAC registers 
with the same processor instruction that writes the final 8-bit 
data word the DAC input registers. 
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FIGURE 4. Analog Connections for 0 to +10V DAC Output. 
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FIGURE 6. Logic Connection for Multiple DAC2815 
Packages. 
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DAC4813 


QUAD 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (12-bit port interface) 


FEATURES 


• COMPLETE WITH REFERENCE AND 
OUTPUT AMPLIFIERS 

• 12-BIT PORT INTERFACE 

• ANALOG OUTPUT RANGE: ±10V 


DESCRIPTION 

DAC4813 is a complete quad 12-bit digital-to-analog 
converter with bus interface logic. Each package in- 
cludes a precision +10V voltage reference, double- 
buffered bus interface including a RESET function 
and 12-bit D/A converters with voltage-output opera- 
tional amplifiers. 

The double-buffered interface consists of a 12-bit 
input latch and a D/A latch for each D/A converter. A 
RESET control allows the D/A outputs to be asyn- 


• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• INTEGRAL LINEARITY 
ERROR: ±1/2LSB max 

• ±1 2V to ±1 5V SUPPLIES 

• 28-PIN PLASTIC DIP PACKAGE 

chronously reset to bipolar zero, a feature useful for 
power-up reset, system initialization and recalibration. 

DAC4813 D/A converters are committed to the ±10V 
output range only. Gain and offset are not externally 
adjustable. 

DAC4813AP is available in one performance grade 
with a integral linearity error of 1/2LSB and 12-bit 
monotonicity guaranteed over temperature. It is pack- 
aged in 28-pin 0.6in. wide plastic DIP package and 
specified over -40°C to +85°C. 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, +V CC = +12V or +15V, -V cc = -12V or -15V unless otherwise noted. 




DAC4813 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

1 INPUTS | 

DIGITAL INPUTS 

Over Temperature 





Input Code (1) 

Logic Levels < 2 > 

V < 3 > 

Range 

+2 

Bipolar Offset Binary 

+5.5 

V 

V 1L 

Logic Input Currents 

DB0-DB1 1 , WR, LDAC, RESET, EN X 


0 


+0.8 

V 

!| H 

V, = +2.7V 



±40 

pA 

',L 

V, = +0.4V 



±40 

pA 

TRANSFER CHARACTERISTICS j 

ACCURACY 

Linearity Error 



±1/4 

±1/2 


Differential Linearity Error 



±1/2 

±1 


Gain Error 



±0.05 

±0.2 


Bipolar Zero Error (5) 

Power Supply Sensitivity 



±0.05 

±0.2 

%FSR <4) 

Of Full Scale +V CC 



±5 

±20 

ppmFSR/%+V cc 

-V cc 



±1 

±10 

ppmFSR/%-V cc 

DRIFT 

Over Specification 
Temperature Range 





Gain 



±5 

±30 

ppm/°C 

Bipolar Zero Drift 



±5 

±15 

ppmFSR/°C 

Linearity Error over Temperature 



±1/2 

±3/4 

LSB 

Monotonicity 



Guaranteed 



DYNAMIC CHARACTERISTICS | 

SETTLING TIME < 6 > 

To within ±0.012%FSR 






of Final Value 

5kQ || 500pF Load 





Full Scale Range Change 

20 V Range 



6 

ps 

1 LSB Output Step (7) At Major Carry 


2 



ps 

Slew Rate 



10 


V/ps 

Crosstalk (8) 

5kO Loads 


0.2 


LSB 

OUTPUT 

Output Voltage Range 

±V CC >±11.4V 



±10 

V 

Output Current 


±5 



mA 

Output Impedance 



0.2 


Q 

Short Circuit to ACOM Duration 

at DC 


Indefinite 



REFERENCE VOLTAGE 

Voltage 

Source Current Available 


+9.95 

+10.00 

+10.05 

V 

for External Loads 


2 



mA 

Impedance 



0.2 


Q 

Temperature Coefficient 



±5 

±25 

ppm/°C 

Short Circuit to Common Duration 

at DC 


Indefinite 



POWER SUPPLY REQUIREMENTS 

Voltage: +V CC 


+11.4 

+15 

+16.5 

V 

-V cc 


-11.4 

-15 

-16.5 

V 

Current: 

No Load 
±V CC =±15V 





+v cc 


48 

60 

mA 

-V C c 



24 

28 

mA 

Power Dissipation 

Potential at DCOM with 



1080 

1320 

mW 

Respect to ACOM (9) 


-3 


+3 

V 

TEMPERATURE RANGES 

Specification 


-40 


+85 

°C 

Storage 


-60 


+100 

°C 

Thermal Resistance, 0 JA , Plastic DIP 



30 


°c/w 


NOTES: (1 ) ForTwo’s Complement Input Coding invert the MSB with an external logic inverter. (2) Digital inputs areTTL and +5V CMOS compatible over the specification 
temperature range. (3) Open DATA input lines will be pulled above +5.5V. See discussion under LOGIC INPUT COMPATIBILITY in the OPERATION section. (4) FSR 
means Full Scale Range. For example, for ±10V output, FSR = 20V. (5) Error at input code 800 HEX . (6) Maximum represents the 3o limit. Not 100% tested for this 
parameter. (7) For the worst-case code change: 7FF HEX to 800 HEX and 800 HEX to 7FF HEX . (8) Crosstalk is defined as the change in any output as a result of any other output 
being driven from -1 0 V to +1 0 V at rated output current. (9) The maximum voltage at which ACOM and DCOM may be separated without affecting accuracy specifications. 
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ABSOLUTE MAXIMUM RATINGS 


+V CC to ACOM 0 to +18V 

-V cc to ACOM 0 to -18V 

+V CC to -V cc 0 to +36V 

ACOM to DCOM ±4V 

Digital Inputs to DCOM -IV to +V CC 

External Voltage applied to BPO Resistor ±18V 

V REFOUT Indefinite short to ACOM 

V OUT Momentary to ±18V 

Lead Temperature, soldering 10s +300°C 

Max Junction Temperature 165°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

DAC4813AP 

Plastic DIP 

-40°C to +85°C 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC4813AP 

28-Pin Plastic DBL Wide DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


TIMING DIAGRAMS 




TIMING DIAGRAMS (CONT) 



TRUTH TABLE 


WR 

EN1 






OPERATION 

EN2 

EN3 

EN4 

LDAC 

RESET 

X 

X 

X 

■ 

X 

X 

0 

Reset all D/A Latches 

1 

X 

X 

Sr i H 

X 

X 

H I 

No Operation 

X 

1 

1 


1 

1 

9 

No Operation 

0 

1 

1 


0 

1 


Load Data into First Rank for D/A 4 

0 

1 

1 

0 

1 

1 


Load Data into First Rank for D/A 3 

0 

1 

0 

i 

1 

1 


Load Data into First Rank for D/A 2 

0 

0 

1 

i 

1 

1 


Load Data into First Rank for D/A 1 

0 

1 

1 

i 

1 

0 


Load Second Rank from First Rank, All D/As 

0 

0 

0 

0 

0 

0 

■m 

All Latches Transparent 


“X” = Don’t Care 
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PIN DESCRIPTIONS 
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NAME 

FUNCTION 

1 

DB11 

DATA, MSB, positive true. 

2 

DB10 

DATA 

3 

DB9 

DATA 

4 

DB8 

DATA 

5 

DB7 

DATA 

6 

DB6 

DATA 

7 

DB5 

DATA 

8 

DB4 

DATA 

9 

DB3 

DATA 

10 

DB2 

DATA 

11 

DB1 

DATA 

12 

DBO 

DATA, LSB. 

13 

RESET 

Resets output of all D/As to bipolar-zero. The D/A remains in this state until overwritten by a LDAC-WR command. RESET 
does not reset the input latch. After power-up and reset, input latches will be in an indeterminant state. 

14 

WR 

Write strobe. Must be low for data transfer to any latch (except RESET). 

15 

EN1 

Enable for 12-bit input data latch of D/A1. NOTE: This logic path is slower than the WR/ path. 

16 

EN2 

Enable for 12-bit input data latch of D/A2. NOTE: This logic path is slower than the WR/ path. 

17 

EN3 

Enable for 12-bit input data latch of D/A3. NOTE: This logic path is slower than the WR /path. 

18 

EN4 

Enable for 12-bit input data latch of D/A4. NOTE: This logic path is slower than the WR/ path. 

19 

LDAC 

Load DAC enable. Must be low with WR for data transfer to the D/A latch and simultaneous update of all D/A converters. 

20 

DCOM 

Digital common, logic currents return. 

21 

-V cc 

Analog supply input, nominally -12V or -15V referred to ACOM. 

22 

ACOM 

Analog common, +V CC , -V cc supply return. 

23 

+v cc 

Analog supply input, nominally +12V or +15V referred to ACOM. 

24 

V OU T4 

D/A 4 analog output. 

25 

V OU T3 

D/A 3 analog output. 

26 

^OUT 2 

D/A 2 analog output. 

27 

v 

v OUT 1 

D/A 1 analog output. 

28 

VrEF out 

+10V reference output. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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BLOCK DIAGRAM 


EN 4 [18} 
LDAC pl9j 
RESET \vi\ 



12-Bit Input Latch 

l l l l 

12-Bit D/A Latch 

1 1 , 1, , L 

12-Bit D/A Converter 


+10V 

Reference 


|~28~j [22] [20] |~23] |~21~| 

Vrefout ACOM DCOM+V cc -V cc 


NOTE: RESET does not reset input latches. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V cc = ±15V unless otherwise noted. 


POWER SUPPLY REJECTION vs 



Frequency (Hz) 


DIGITAL INPUT CURRENTvs INPUT VOLTAGE 







1 

WR 












— H 





j 


h | 







T 

R 

ESET, LDA( 








// 



— d= — 

— 






If 



'X 





Tj 











pi 










— 

zt 



— 

Y2 

= — — 


db 0 

-DBn 

DAC 

4813 

■ — 


1 




1 1 1 




-2 0 2 4 6 8 

Input Voltage (V) 



Temperature (°C) 



000 400 800 COO FFF 

Input Code (Hexidecimal) 



+5 



0 5 10 15 20 25 


Time (ps) 



-2 0 2 4 6 8 10 12 14 

Time (ps) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V cc = ±15V unless otherwise noted. 


> 

E 


SETTLING TIME, +1 OV TO -1 OV 



V OUT 




1LSB = 4.88mV 





\ 








\ 








\ 










v o 

JT 
















WR 


1 








r 






1 










-2 0 2 4 6 8 10 12 

Time (ps) 


DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points 
(digital inputs all “Is” and all “Os”). DAC4813 linearity 
error is ±1/2LSB max at +25°C. 


DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from a 
1LSB output change from one adjacent state to the next. A 
DLE specification of 1/2LSB means that the output step size 
can range from 1/2LSB to 3/2LSB when the digital input 
code changes from one code word to the adjacent code word 
If the DLE is more positive than -1LSB, the D/A is said to 
be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
DAC4813 is monotonic over their specification temperature 
range -40°C to +85°C. 

DRIFT 

Gain Drift is a measure of the change in the Full Scale 
Range (FSR) output over the specification temperature range. 
Gain Drift is expressed in parts per million per degree 
Celsius (ppm/°C). 

Bipolar Zero Drift is measured with a data input of 800 HEX . 
The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed in parts per million of Full Scale Range per 
degree Celsius (ppm of FSR/°C). 



-2 0 2 4 6 8 10 12 14 

Time (ms) 


SETTLING TIME 

Settling Time is the total time (including slew time) for the 
output to settle to within an error band around its final value 
after a change in input. Settling times are specified to 
±0.01% of Full Scale Range (FSR) for two conditions: one 
for a FSR output change of 20V (25k£2 feedback) and one 
for a 1LSB change. The 1LSB change is measured at the 
Major Carry (7FF mx to 800 HEX , and 800 HEX to 7FF HEX ), the 
input code transition at which worst-case settling time oc- 
curs. 


OPERATION 

INTERFACE LOGIC 

The bus interface logic of the DAC4813 consists of two 
independently addressable latches in two ranks for each 
D/A converter. The first rank consists of one 12-bit input 
latch which can be loaded directly from a 12- or 16-bit 
microprocessor/microcontroller bus. The input latch holds 
data temporarily before it is loaded into the second latch, the 
D/A latch. This double buffered organization permits simul- 
taneous update of all D/As. 

All latches are level-triggered. Data present when the con- 
trol signals are logic “0” will enter the latch. When the 
control signals return to logic “1”, the data is latched. 

CAUTI ON: DAC4813 was designed to use WR as the fast 
strobe. WR has a much faster logic path than EN X (or 
LDAC). Therefore, if one permanently wires WR to DCOM 
and uses only EN X to strobe data into the latches, the DATA 
HOLD time will be long, approximately 20ns to 30ns, and 
this time will vary considerably in this range from unit to 
unit. DATA HOLD time using WR is 5ns max. 
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The Reset function resets only the D/A latch. Therefore, 
after a RESET, good data must be written to all the input 
latches before an LDAC - WR command is issued. Other- 
wise, old data or unknown data is present in the input latches 
and will be transferred to the D/A latch producing an analog 
output value that may be unwanted. 

LOGIC INPUT COMPATIBILITY 

DAC4813 digital inputs are TTL compatible (1.4V switch- 
ing level) over the operating range of +V CC . Each input has 
low leakage and high input impedance. Thus the inputs are 
suitable for being driven by any type of 5V logic. An 
equivalent circuit of a digital input is shown in Figure 1 . 

Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC4813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, the 
speed of the interface will be slower. A digital output driving 
a DATA input line of the DAC4813 must not drive, or let 
the DATA input float, above +5.5V. Unused DATA inputs 
should be connected to DCOM. 

Unused control inputs should be connected to a voltage 
greater than +2V but not greater than +5.5 V. If this voltage 
is not available, the control inputs can be connected to +V CC 
through a 100k£2 resistor to limit the input current. 



FIGURE 1. Equivalent Digital Input Circuit. 


INPUT CODING 

DAC4813 accepts positive-true binary input codes. 

Input coding for bipolar analog outputs is Bipolar Offset 
Binary (BOB), where an input code of 000 HEX gives a minus 
full-scale output, an input of FFF HEX gives an output 1LSB 
below positive full scale, and zero occurs for an input code 
of 800 hex . 

DAC4813 can be used with two's complement coding if a 
logic inverter is used ahead of the MSB input (DB11). 


INTERNAL/EXTERNAL REFERENCE USE 

DAC4813 contains a +10V ±50mV voltage reference, 
V refout* V refout * s available to drive external loads sourcing 
up to 2mA. The load current should be constant, otherwise 
the gain (and bipolar offset, if connected) of the D/A 
converters will vary. 

Because of the lack of additional pins required for external 
reference inputs, V REF0UT is connected internally to all 4 
D/A converters. V REF0UT is available for external use on pin 
28. 

GAIN AND OFFSET ADJUSTMENTS 

DAC4813 has no Gain and Offset Adjustment option. 

INSTALLATION 

POWER SUPPLY CONNECTIONS 

Power supply decoupling capacitors should be added. Best 
settling time performance occurs using a 1 to lOpF tantalum 
capacitor at -V cc . Applications with less critical settling 
time may be ale to use O.OljiF at -V cc as well as at +V CC . 
The capacitors should be located close to the package. 

DAC4813 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. It is recommended that both DIGI- 
TAL COMMON (DCOM) and ANALOG COMMON 
(ACOM) be connected directly to a ground plane under the 
package. If a ground place is not used, connect the ACOM 
and DCOM pins together close to the package. Since the 
reference point for V OUT and V REFOUT is the ACOM pin, it is 
also important to connect the load directly to the ACOM pin. 
The change in current in the ACOM pin due to an input date 
word change from 000 HEX to FFF HEX is only 1mA for each D/ 
A converter. 

OUTPUT VOLTAGE SWING 
AND RANGE CONNECTIONS 

DAC4813 output amplifiers provide a ±10V output swing 
while operating on supplies as low as ±12V ±5%. 

DAC4813 is fully committed to ±10V output ranges. Op- 
tional ranges are not pin programmable. 

12- AND 16-BIT BUS INTERFACES 

DAC4813 data is latc hed i nto the input latches of each D/A 
by asserting low each ENx individually and trans ferrin g the 
data from the bus to each input latch by asserting WR low. 
All D/A outputs in e ach pac kag e are then updated simulta- 
neously by asserting LDAC and WR low. 

Be sure to read the CAUTION statement in the LOGIC 
INPUT COMPATIBILITY section. 
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DAC4814 


Quad 12-Bit Digital-to-Analog Converter 
(Serial Interface) 


FEATURES 

• COMPLETE QUAD DAC — 

INCLUDES INTERNAL REFERENCES AND 
OUTPUT AMPLIFIERS 

• GUARANTEED SPECIFICATIONS 
OVER TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• HIGH-SPEED SERIAL INTERFACE 
(10MHz CLOCK) 

• LOW POWER: 600mW (150mW/DAC) 

• LOW GAIN DRIFT: 5ppm/°C 

• LOW NONLINEARITY: ±1/2 LSB max 

• UNIPOLAR OR BIPOLAR OUTPUT 

• CLEAR/RESET TO UNIPOLAR OR 
BIPOLAR ZERO 

DESCRIPTION 

The DAC4814 is one in a family of dual and quad 12- 
bit digital-to-analog converters. Serial, 8-bit, 12-bit 
interfaces are available. 

The DAC4814 is complete. It contains CMOS logic, 
switches, a high-performance buried-zener reference, 
and low-noise bipolar output amplifiers. No external 
components are required for either unipolar 0 to 10V, 
0 to -10V, or bipolar ±10V output ranges. 

The DAC4814 has a high-speed serial interface 
capable of being clocked at 10MHz. Serial data are 
clocked DAC D MSB first into a 48-bit shift register, 
then strobed into each DAC separately or simulta- 
neously as required. The DAC has an asynchronous 
clear control for reset to unipolar or bipolar zero 
depending on the mode selected. This feature is useful 
for power-on reset or system calibration. The DAC48 14 
is packaged in a 28-pin plastic DIP rated for the -40°C 
to +85°C extended industrial temperature range. 

High-stability laser-trimmed thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature range. 


Serial 
Data and 
Control In 
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SPECIFICATIONS , Guaranteed over T A = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 

Specifications as shown for V s = ±12V or ±15V, V L = +5V, and R L = 2kQ unless otherwise noted. 




DAC4814AP 

DAC4814BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Resolution 


12 



* 



Bits 

V IH (Input High Voltage) 


+2 


+5 

* 


* 

V 

V IL (Input Low Voltage) 


0 


+0.8 

* 


* 

V 

l IN ( Input Current) 

T a = 25°C 



±1 



* 

pA 


T a = -40°C to +85°C 



±10 



* 

pA 

C IN (Input Capacitance) 



0.8 



* 


pF 

DIGITAL OUTPUT 

Data Out V 0L 

'sink = 1 ,6mA 

0 


+0.4 

. 


* 

V 

V OH 

'source == SOOpA 

+2.4 


+5 

* 


* 

V 

ACCURACY 

Integral, Relative Linearity* 1 ’ 




±1 



±1/2 

LSB 

Differential Nonlinearity* 2 ’ 

T a = 25°C 



±1 



* 

LSB 


T a = -40°C to +85 °C 


+1 .5/— 1 




±1 

LSB 

Unipolar Offset Error 

T a = +25°C 



±1 



±0.5 

mV 


T A = -40°C to +85°C 



±3 



* 

mV 

Bipolar Zero Error 




±20 



±10 

mV 

Gain Error Unipolar, Bipolar 

With Internal or External 1 0.0V Ref 



±0.2 



±0.15 

% 

Power Supply Sensitivity* 3 ’ 

V g = ±11.4V to±18V 

V L = +4.5V to +5.5V 



30 




ppmFSR/V 

TEMPERATURE DRIFT 

Gain Drift Unipolar, Bipolar 



±5 

±30 


* 

±20 

ppm/°C 

Unipolar Offset Drift 



±0.1 

±5 


* 

* 

ppmFSR/°C 

Bipolar Zero Drift 



±5 

±15 


* 

±8 

ppmFSR/°C 

REFERENCE OUTPUT 









Output Voltage 


+9.980 

+10 

+10.020 

+9.985 

* 

+10.015 

V 

Reference Drift 



±2 

±30 


* 

±20 

ppm/°C 

Output Current 

T a = 25°C 

+10/-5 



* 



mA 


T a = -40°C to +85°C 

+6.5/— 5 



* 



mA 

Max Load Capacitance (For Stability) 



500 



* 


pF 

Short Circuit Current 



±20 



* 


mA 

Load Regulation 
(A V 0UT vs A l L0AD ) 




40 




ppm/mA 

Supply Regulation 
(A V 0UT vs A V s ) 




±5 




ppm/V 

INVERTER 









-1 OV Reference* 4 ’, Inverter Output 


-10.020 

-10 

-9.980 

-10.015 

* 

-9.985 

V 

-1 OV Reference Drift 




±30 



±20 

ppm/°C 

DC Output Impedance 



0.1 



* 


a 

Output Current 


±7 



* 



mA 

Max Load Capacitance (For Stability) 



200 



* 


PF 

Short Circuit Current 



±30 



* 


mA 

REFERENCE INPUT 

Reference Input Resistance 


1.75 

2.5 


* 

* 


kQ 

Inverter Input Resistance 


7 

10 


* 

* 


kft 

BPO Input Resistance 


14 

20 


* 

* 


kQ 

Reference Input Range 




±10 



* 

V 

ANALOG SIGNAL OUTPUTS 

Voltage Range 


-V s +1.4 


+V S -1.4 



* 

V 

DC Output Impedance 



0.1 



* 


Q 

Output Current 


±5 



* 



mA 

Max Load Capacitance (For Stability) 

Vour 


500 



* 


PF 

Short Circuit Current 



±30 



* 


mA 

DYNAMIC PERFORMANCE* 5 ’ 

C L = lOOpF 








Unipolar Mode Settling Time 

To 1/2 LSB of Full Scale 


2.5 

10 


* 

* 

ixs 

Bipolar Mode Settling Time 

To 1/2 LSB of Full Scale 


3.5 

10 


* 

* 

ps 

Slew Rate 



10 



* 


V/ps 

Small-Signal Bandwidth 



3 1 



* 


MHz 

ANALOG GROUND CURRENT 

(Code Dependent) 



±4 



* 


mA 

DIGITAL CROSSTALK 

Full Scale Transition 


3 



* 


nV-s 


C L = lOOpF 








D/A GLITCH IMPULSE 



30 



* 


nV-s 



DAC4814 
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SPECIFICATIONS (CONT), Guaranteed over T A = -40°C to +85°C unless otherwise specified. 


ELECTRICAL 

Specifications as shown for V s = ±12V or ±15V, V L = +5V, and R L = 2k£2 unless otherwise noted. 




DAC4814AP 

DAC4814BP 


PARAMETER 

CONDITIONS 

H 



MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY 

+V S and -V s 


±11.4 

±15 

±18 

* 

* 

* 

V 

+V L 


4.5 

5 

5.5 

* 

* 

* 

V 

+l s 



+20 

+24 


* 

* 

mA 

-l s 



-20 

-25.5 


* 

* 

mA 

+I L 

Digital Inputs = OV or +V L 


0.4 

2 


* 

* 

mA 

+I L 

Digital Inputs = V IL or V IH 



10 



* 

mA 

Total Power, All DACs 



600 

753 


* 

* 

mW 

TEMPERATURE RANGE 

Specified 


-40 


+85 

* 


* 

°C 

Operating 


-AO 


+85 

* 


* 

°C 

Thermal Resistance, 0 JA 



75 





°C/W 


NOTES: (1) End point linearity. (2) Guaranteed monotonic. (3) Change in bipolar full scale output. Includes voltage output DAC, voltage reference, and reference 
inverter. (4) Inverter output with inverter input connected to +V REF . (5) Guaranteed to but not tested. 


ABSOLUTE MAXIMUM RATINGS 


+V L to AGND 

0V, +7V 

+V^ to DGND 

0V, +7V 

+V S to AGND 

0V, +18V 

-V s to AGND 

0V.-18V 

AGND to DGND 

+0.3V 

Any digital input to DGND 

-0.3 V, +V L +0.3V 


±25V 

Ref In to DGND 

±25V 

Storage Temperature Range 

-55°C to +1 25°C 

Operating Temperature Range 

-40°C to +85°C 

Lead Temperature (soldering, 10s) 

+300°C 

Junction Temperature 

+155°C 

Output Short Circuit 

Continuous to common or ±V S 

Reference Short Circuit 

Continuous to common or +V S 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC4814AP 

28-Pin Plastic DBL. Wide DIP 

215 

DAC4814BP 

28-Pin Plastic DBL Wide DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN DESIGNATIONS 
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MUM 

DESCRIPTOR 

FUNCTION 

MUM 

DESCRIPTOR 

FUNCTION 


V 0UT B 

Analog output voltage, DAC B 

28 

+V L 

Positive logic power supply, +5V input 

2 

VoutA 

Analog output voltage, DAC A 

27 

LATCH A 

Latch data update, logic input, DAC A 

3 

Inv In 

Inverter (A 5 ) input 

26 

LATCH B 

Latch data update, logic input, DAC B 

4 

+V REF Out 

Positive reference voltage output (+1 0V output) 

25 

MODE 

Selection input for unipolar or bipolar reset to zero 

5 

BPOB 

Biplolar offset input, DAC B 

24 

CLR 

Asynchronous input reset to zero 

6 

BPO A 

Bipolar offset input, DAC A 

23 

CS 

Chip select enable, DAC A, B, C, and D 

7 

-v s 

Negative analog power supply , -15V input 

22 

Data In 

Serial data input 

8 

BPO D 

Bipolar offset input, DAC D 

21 

LATCH C 

Latch data update, logic input, DAC C 

9 

BPO C 

Bipolar offset input, DAC C 

20 

LATCH D 

Latch data update, logic input, DAC D 

10 

V ref 

± Reference voltage input 

19 

CLK 

Clock input 

11 

Inv Out 

Inverter (A s ) output 

18 

Data Out 

Serial data output 

12 

AGND 

Analog common 

17 

DGND 

Digital common 

13 

V our D 

Analog output voltage, DAC D 

16 

NC 

No internal connection 

14 

VoutC 

Analog output voltage, DAC C 

15 

+V s 

Positive analog power supply, +15V input 


PIN CONFIGURATION 


TOP VIEW 


W 



V OUT B 

[I 


28 

+v L 

V OUT A 

[I 


I 

LATCH A 

Inv In 

JL 


26 

LATCH B 

+ Vr EF Out 

E 


E 

MODE 

BPOB 

E 


E 

CLR 

BPO A 

E 


23 

CS 

-Vs 

E 

DAC4814 

22 

Data In 

BPO D 

E 


E 

LATCH C 

BPO C 

E 


~20~j 

LATCH D 

V REF ,n 

E 


E 

CLK 

Inv Out 

E 


E 

Data Out 

AGND 

nr 


E 

1 DGND 

V OUT D 

s 


E 

NC 

VqutC 

[14_ 


E 

+v s 


NC 

= No Internal Connection 



TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±12V or ±15V, V L = +5V unless otherwise noted. 




100k 

1M 

100 

Ik 

10k 

100k 

1 M 

Frequency (Hz) 




Frequency (Hz) 




|bb| 
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A Bipolar Offset and Zero Error (mV) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±12V or ±15V, V L = +5V unless otherwise noted. 


CHANGE OF GAIN, BIPOLAR OFFSET AND ZERO ERROR 
vs TEMPERATURE 

+1.5 
+ 1.0 
+0.5 
0 

-0.5 
- 1.0 
-1.5 



+0.015 

+ 0.01 

+0.005 

0 

-0.005 

- 0.01 

-0.015 


(5 

< 


-40 -20 0 20 40 60 80 

Temperature (°C) 


POWER SUPPLY CURRENT vs TEMPERATURE 

2.8 
2.4 
2 

1.6 
1.2 
0.8 
0.4 
0 

-40 -20 0 20 40 60 80 

Temperature (°C) 




10 100 IK 10K 

Load Resistance (Q) 


CROSSTALK (Bipolar Mode) 



NOTE: Crosstalk i s domin ated by digital crosstalk/ 
feedthrough of the LATCH signal. 


FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 



FULL-SCALE OUTPUT SWING 
UNIPOLAR (10V Step) 



Time (2ps/div) 
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+I L (mA) Logic Supply 








V 0UT (20mV/div) AV Around OV (1 mV/div) AV Around +1 OV (2mV/div) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±12V or ±15V, V L = +5V unless otherwise noted. 



SETTLING TIME 
BIPOLAR (+10V to -10V Step) 



Time (2ps/div) 


SETTLING TIME 
UNIPOLAR (+10V to OV STEP) 



SETTLING TIME 
UNIPOLAR (OV to +10V Step) 



Time (Ips/div) 


MAJOR CARRY GLITCH DIGITAL FEEDTHROUGH 



Time (1 ps/div) Time (500ns/div) 

NOTE: Data transition 800 HEX to 7FF HEX . DAC output noise due to activity on digital inputs 

with latch disabled. 


BURR -BROWN® 
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LATCH 


V OUT 


LATCH 


V 

v OUT 
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TIMING CHARACTERISTICS 


V s = ±1 5V, V L = +5V, T a = -40°C to +85°C. 


PARAMETER 

MINIMUM 

t— Data Setup Time 

15ns 

t,,— Data Hold Time 

15ns 

t 3 — Chip Select to CLK, 

15ns 

Latch, Data Setup Time 


t 4 — Chip Select to CLK, 

40ns 

Latch, Data Hold Time 


t 5 — CLK Pulse Width 

40ns 

t 6 — Clear Pulse Width 

40ns 

t 7 — Latch Pulse Width 

40ns 

t fl — CLK Edge to LATCH A, 

15ns 

LATCH B, LATCH C, 


or LATCH D 




NOTES: (1) All input signal rise and fall times are measured from 10% to 90% of +5V • t R = t F *= 5ns. 
(2) Timing measurement reference level is V.H+V.L - 

2 


INTERFACE LOGIC TRUTH TABLE 


K&l 



cs 

LATCH A 

LATCH B 

LATCH C 

LATCH D 

FUNCTION 

X 

1 

l 

0 

X 

X 


X 

Data clocked in 

X 

1 

X 

1 

X 

X 


X 

No data transfer 

X 

1 

X 

0 

0 

1 


1 

DAC A register updated 

X 

1 

X 

0 

1 

0 

1 

1 

DAC B register updated 

x 

1 

X 

0 

1 

1 

0 

1 

DAC C register updated 

X 

1 

X 

0 

1 

1 

1 

0 

DAC D register updated 

X 

1 

X 

0 

0 

0 

0 


All DAC registers updated simultaneously 

0 

0 

X 

X 

X 


X 


All registers cleared 

1 

0 

X 

X 

X 

mm 

X 

mm 

Shift registers cleared = 000 HEX , 

DAC registers = 800 HEX 


Note: X = Don’t Care. i = Falling edge triggered. 
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FUNCTIONAL BLOCK DIAGRAM, DAC4814 — Quad 12 bit DAC, Serial Port 


12-Bit \ 12-Bit 1 \ 

Shift Bits 0-1 1 ] Latch Bits 0-1 1 ) DAC A 
Register — i / Register 1 / 


12-Bit K 12-Bit 1 \ 

Shift Bits 0-11 \ Latch Bits 0-11 ) DAC B 
Register — r / Register — “r — / 


12-Bit \ 12-Bit 1 \ 

Shift Bits 0-1 1y Latch Bits 0-1 1 y DACC 
Register — i / Register 1 — V 


12-Bit K 12-Bit \ 

Shift Bits 0-1 1 y Latch Bits 0-1 1 y DAC D 
Register — i / Register / 


+10 V 

Voltage - 
Reference 


Data Out +V, +Vo -Vc AGND DGND + V RPF Out Invln 
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DISCUSSION OF 
SPECIFICATIONS 

INPUT CODES 

All digital inputs of the DAC48 14 are TTL and 5V CMOS 
compatible. Input codes for the DAC4814 are either USB 
(Unipolar Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. See Figure 3 for ±10V 
bipolar connection. See Figures 4 and 5 for 0 to 10V and 0 
to -10V unipolar connections. 


UNIPOLAR AND BIPOLAR 
OUTPUTS FOR SELECTED INPUT 


DIGITAL INPUT 

UNIPOLAR (USB) 

BIPOLAR (BOB) 

FFFhex 

+Full scale 

+Full scale 

8°0 HE x 

+1/2 Full scale 

Zero 

?FF hex 

+1/2 Full scale -1 LSB 

Zero - 1 LSB 

ooo HEX 

Zero 

-Full scale 


INTEGRAL OR RELATIVE LINEARITY 

This term, also known as end point linearity, describes the 
transfer function of analog output to digital input code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1 
LSB change in the output voltage when the input code 
changes by 1 LSB. A differential nonlinearity specification 
of ±1 LSB maximum guarantees monotonicity. 

UNIPOLAR OFFSET ERROR 

The output voltage for code 000 HEX when the DAC is in 
unipolar mode of operation. 

BIPOLAR ZERO ERROR 

The output voltage for code 800 HEX when the DAC is in the 
bipolar mode of operation. 

GAIN ERROR 

The deviation of the output voltage span (V MAX - V MIN ) from 
the ideal span of 10V - 1 LSB (unipolar mode) or 20V - 1 
LSB (bipolar mode). The gain error is specified with and 
without the internal +10V reference error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to ±0.012% (1/2 LSB) is specified for the DAC4814. 

DIGITAL-TO-ANALOG GLITCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality, glitches occur 
during the transition. See Typical Performance Curves. 


DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC — see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in nV-s. See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedthrough is the noise at a DAC output due to 
activity on the digital inputs — see Typical Performance 
Curves. 

OPERATION 

DACs can be updated simultaneously or independently as 
required. Data are transferred on falling clock edges into a 
48-bit shift register. DAC D MSB is load ed first. D ata are 
transferred to the DAC registers when the LATC H signals 
are brought low. The data ar e latched when the LATCH 
signals are brought high. All LATCH signals may be tied 
together to allow simultaneous update of the DACs if re- 
quired. The output of the DAC shift register is provided to 
allow cascading of several DA CS on the sam e b it stream. By 
using sep arat e signals for LATCH A , LATCH B, 
LATCH C, and LATCH D it is possible to update one of the 
four DACs every 12 clock cycles. 

When CLR is brought low, the input shift registers are 
cleared to 000 HEX while the DAC registers = 800 HEX . If 
LATCH is brought low after CLR, the DACs are updated 
with 000 HEX resulting in -10V (bipolar) or 0V (unipolar) on 
the output. 

CIRCUIT DESCRIPTION 

Each of the four DACs in the DAC4814 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener +10.0V reference and a reference inverter 
(for a -10.0V reference) are shared by all DACs. 

Figure 1 is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at V REF . 
Current from the ladder is switched either to I QUT or AGND 
by 12 single-pole double-throw CMOS switches. This main- 
tains constant current in each leg of the ladder regardless of 
digital input code. This makes the resistance at V REF constant 
(it can be driven by either a voltage or current reference). 
The reference can be either positive or negative polarity with 
a range of up to ±10V. 



FIGURE 1 . Simplified Circuit Diagram of DAC Cell. 
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CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback resistor, R FB , compensate for 
the temperature drift of the ladder switch ON resistance. 

The output op amps are connected as transimpedance ampli- 
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed and compen- 
sated for precision and fast settling in this application. 

POWER SUPPLY CONNECTIONS 

The DAC4814 is specified for operation with power sup- 
plies of V L = +5V and V s = either ±12V or ±15V. Even with 
the V s supplies at ±1 1.4V the DACs can swing a full ±10V. 
Power supply decoupling capacitors (lpF tantalum) should 
be located close to the DAC power supply connections. 

Separate digital and analog ground pins are provided to 
permit separate current returns. They should be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code dependent so the impedance to the system 


reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than 0. lO for less than 0. 1LSB error. 

-10V REFERENCE 

An internal inverting amplifier (Gain = -1.0V/V) is 
provided to invert the +10V reference. Connect +V REF Out to 
Inv In for a -10V reference at Inv Out. 

OUTPUT RANGE CONNECTIONS 
±10V Output Range 

For a ±10V bipolar output connect the DAC4814 as shown 
in Figure 3. Connect the MODE to logic high (+5V) for reset 
to bipolar zero. With MODE connected low (GND) reset 
will be to -Full-Scale. 

0 To +10V Output Range 

For 0 to +10V unipolar outputs connect the DAC4814 as 
shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 



NOTE: Ideally R GND = Ofi 


FIGURE 2. Recommended Ground Connections for Multiple DAC Packages. 
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FIGURE 3. Analog Connections for ±10V DAC Output. 

0 To -10V Output Range 

For 0 to -10V unipolar outputs connect the DAC4814 as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

CONNECTION TO DIGITAL BUS 
Cascaded Bus Connection 

Multiple DAC4814s can be connected to the same CLK and 
DATA input lines in two ways. Since the output of the DAC 
shift register is available, any number of DAC4814s can be 


FIGURE 4. Analog Connections for 0 to +10V DAC Output. 

cascaded on the same input bit stream as shown in Figure 6. 
This arrangement allows all DACs in the system to be 
updated simultaneously and requires a min imum number of 
control signal inputs. However, up to 48N CLK cycles may 
be required to update any given DAC, where 
N = number of DAC4814s. 

Parallel Bus Connection 

Several DAC4814s can also have their DATA inputs con- 
nected in parallel as shown in Figure 7. This allows any 
DAC in the system to be updated in a maximum of 48 CLK 
cycles. 
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FIGURE 5. Analog Connections for 0 to -10V DAC Output. 


LATCH O- 


DAC4814 

Data In 


LATCH C 


LATCH D 

ICLK Data Out 


DAC4814 

Data In 


CS 


LATCH C 


LATCH D 

CLK Data Out 


5 To Other DACs 


FIGURE 6. Cascaded Serial Bus Connection for Multiple 
DAC Packages. 



27 

”1 

26 

21 


20 

19 


DAC4814 

Data In 


LATCH D 

I CLK Data Out 


DAC4814 


Data In 


LATCH A 


LATCH B 


LATCH C 


LATCH D 

CLK Data Out 


FIGURE 7. Parallel Bus Connection for Multiple DAC 
Packages. 
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DAC4815 


Quad 12-Bit Digital-to-Anaiog Converter 
(8-Bit Port Interface) 


FEATURES 

• COMPLETE QUAD DAC — 

INCLUDES INTERNAL REFERENCES AND r— 

OUTPUT AMPLIFIERS L L-i 

• GUARANTEED SPECIFICATIONS +v s|jL 

OVER TEMPERATURE -v s [T 

• GUARANTEED MONOTONIC OVER AQND [7 

TEMPERATURE \= 

DGND 10 

• HIGH-SPEED 8 + 4-BIT PARALLEL L — 

INTERFACE 

• LOW POWER, 600mW (150mW/DAC) 

• LOW GAIN DRIFT, 5ppm/°C 

• LOW NONLINEARITY: ±1/2 LSB max 

• BIPOLAR OUTPUT 

• CLEAR/RESET TO BIPOLAR ZERO 

DESCRIPTION 

The DAC4815 is one in a family of dual and quad 12- 
bit digital-to-analog converters (DACs). Serial, 8-bit, 

12-bit interfaces are available. 

The DAC4815 is complete. It contains CMOS logic, 
switches, a high-performance buried-zener reference, r~\ 
and low-noise bipolar output amplifiers. No external p or t and ' 
components are required for bipolar ±10V output ControMn/ 
range. 

The DAC4815 has a 2-byte (8 + 4) double-buffered 
interface. Data is first loaded (level transferred) into 
the input registers in two steps for each DAC. Then 
both DACs are updated simultaneously. The DAC has 
an asynchronous clear control for reset to bipolar zero. 

This feature is useful for power-on reset or system 
calibration. The DAC4815 is packaged in a 28-pin 
plastic DIP rated for the -40°C to +85 °C extended 
industrial temperature range. 

High-stability laser-trimmed thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature range. 
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SPECIFICATIONS, Guaranteed over T A = -40°C to +85°C unless otherwise specified. 


ELECTRICAL 

Specifications as shown for V s = ±12V or ±15V, V L = +5V, and R L = 2k Q unless otherwise noted. 




DAC4815AP 

DAC4815BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Resolution 


12 



* 



Bits 

V IH (Input High Voltage) 


2 


5 

* 


* 

V 

V IL (Input Low Voltage) 


0 


0.8 

* 


* 

V 

l IN ( Input Current) 

T a = 25°C 



±1 



* 

HA 


T a = -40°C to +85°C 



±10 



* 

HA 

C IN (Input Capacitance) 



0.8 



* 


PF 

ACCURACY 

Integral, Relative Linearity 0 ' 




±1 



±1/2 

LSB 

Differential Nonlinearity* 2 ' 

T a = 25°C 



±1 



* 

LSB 


TA = -40°C to +85°C 


±1 .5/— 1 




±1 

LSB 

Bipolar Zero Error 



±20 



±10 

mV 


Gain Error 

With Internal or External 10.0V Ref 



±0.2 



±0.15 

% 

Power Supply Sensitivity* 3 ' 

V s = ±1 1 .4V to ± 1 8V 

V L = +4.5V to +5.5V 



30 




ppmFSR/V 

TEMPERATURE DRIFT 

Gain Drift 



±5 

±30 


* 

±20 

ppm/°C 

Bipolar Zero Drift 



±5 

±15 


* 

±8 

ppmFSR/°C 

REFERENCE OUTPUT 









Output Voltage 


+9.980 

+10 

+10.020 

+9.985 

* 

+10.015 

V 

Reference Drift 



±2 

±30 


* 

±20 

ppm/°C 

Output Current 

T a = 25°C 

+10/-5 



* 



mA 


T a = -40°C to +85°C 

+5/-5 



* 



mA 

Max Load Capacitance (For Stability) 



500 



* 


PF 

Short Circuit Current 



±20 



* 


mA 

Load Regulation 
(A V OUT vs A l LOAD ) 




40 




ppm/mA 

Supply Regulation 
(A V OUT vs A Vg) 




±5 




ppm/V 

-REFERENCE OUTPUT, Inverter 









-1 OV Reference 


-10.020 

-10 

-9.980 

-10.015 

* 

-9.985 

V 

-10V Reference Drift 




±30 



±20 

ppm/°C 

DC Output Impedance 



0.1 





Q 

Output Current 


±7 



* 



mA 

Max Load Capacitance (For Stability) 



200 



* 


PF 

Short Circuit Current 



30 



...| 


mA 

REFERENCE INPUT 

Reference Input Resistance 


1.75 

2.5 





k£2 

Inverter Input Resistance 


7 

10 


* 



kQ 

BPO Input Resistance 


3.5 

5 


* 



kQ 

Reference Input Range 




±10 



* 

V 

ANALOG SIGNAL OUTPUTS 

Voltage Range 


-V s +1.4 


+V S -1.4 

* 


* 

V 

DC Output Impedance 



0.1 



* 


Q 

Output Current 


±5 



* 



mA 

Max Load Capacitance (For Stability) 

Vout 


500 



* 


PF 

Short Circuit Current 


±30 



* 


mA 

DYNAMIC PERFORMANCE* 4 ' 

C L = 1 0OpF 








Settling Time 

To 1/2 LSB of Full Scale 


3.5 

10 


* 

* 

PS 

Slew Rate 



10 



* 


V/|is 

Small-Signal Bandwidth 



3 



* 


MHz 

ANALOG GROUND CURRENT 

(Code Dependent) 



±4 



* 


mA 

DIGITAL CROSSTALK 

Full Scale Transition 


3 



* 


nV-s 


C L = lOOpF 








DIGITAL-TO-ANALOG 

GLITCH IMPULSE 



30 



* 


nV-s 

POWER SUPPLY 

+V S and -V s 


±11.4 

±15 

±18 

* 

* 

* 

V 

+V L 


4.5 

5 

5.5 

* 

* 

* 

V 

+ , S 



+20 

+24 


* 

* 

mA 

-!g 



-20 

-25.5 


* 

* 

mA 


Digital Inputs = 0V or +V L 


0.4 

2 


* 

* 

mA 

+! l 

Digital Inputs = V IL or V IH 



10 



* 

mA 

Total Power, All DACs 



600 

753 


* 

* 

mW 
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SPECIFICATIONS (CONT), Guaranteed over T A = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 

Specifications as shown for V s = ±12V or ±15V, V L = +5V, and R L = 2kQ unless otherwise noted. 




DAC4815AP 

DAC4815BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

TEMPERATURE RANGE 

Specified 


-40 



+85 

* 


* 

°C 

Operating 


-40 



+85 

* 


* 

°c 

Thermal Resistance, 0 JA 




75 



* 


°c/w 


NOTES: (1) End point linearity. (2) Guaranteed monotonic. (3) Change in bipolar full scale output. Includes effect of voltage output DAC, voltage references. 
(4) Guaranteed but not tested. 

PIN DESIGNATIONS 


bMh5T?W 

DESCRIPTOR 

FUNCTION 

W1W 

DESCRIPTOR 

FUNCTION 

i 

VoutB 

Analog output voltage, DAC B 

28 

a 2 

Address line 2 input 

2 

VoutA 

Analog output voltage, DAC A 

27 

A i 

Address line 1 input 

3 

~ V R EF 0“t 

Negative reference voltage output (-10V output) 

26 

A 0 

Address line 0 input 

4 

V REF m 

± Reference voltage input 

25 

d 7 

Data bit 7 input 

5 

+V REF Out 

Positive reference voltage output (+10V output) 

24 

d 6 

Data bit 6 input 

6 

BPO 

Bipolar offset input, DAC A, B, C, and D 

23 

d 5 

Data bit 5 input 

7 

-v s 

Negative analog power supply, -15V input 

22 

d 4 

Data bit 4 input 

8 

+V S 

Positive analog power supply, +1 5V input 

21 

d 3 

Data bit 3 input 

9 

AGND 

Analog common 

20 

d 2 

Data bit 2 input 

10 

DGND 

Digital common 

19 

D 1 

Data bit 1 input 

11 

+V L 

Positive logic power supply, +5V input 

18 

Do 

Data bit 0 input 

12 

VourD 

Analog output voltage, DAC D 

17 

LE 

Latch data enable, DAC A, B, C, and D 

13 

VoutC 

Analog output voltage, DAC C 

16 

CS 

Chip select enable, DAC A, B, C, and D 

14 

CLR 

Asynchronous input reset to zero 

15 

WR 

Write input, DAC A, B, C, and D 


PIN CONFIGURATIONS 


Top View 



fl 

m 


VqutB 

n 

a 2 

VoUT A 

B 


m 

Ai 

-Vref Out 

B 



A o 

Vref m 

I 


m 

d 7 

+Vr E f Out 

B 


m 

D e 

BPO 

B 



D 5 

-V s 

B 

DAC4815 


d 4 

+v s 

8 


E 

d 3 

AGND 

9 


20 

d 2 

DGND 

"To" 



Di 

+V L 

11 



D 0 

VoutD 

12 


JJ. 

LE 

VqutC 

E 



CS 

CLR 



E 

WR 






ORDERING INFORMATION 



LINEARITY ERROR 

MODEL 

(LSB) 

DAC4815AP 

±1 

DAC4815BP 

±1/2 


ABSOLUTE MAXIMUM RATINGS 


+V L to AGND 

0V, +7V 

+V,to DGND 

0V, +7V 

+V S to AGND 

0V.+18V 

-V s to AGND 

0V.-18V 

AGND to DGND 

+0.3V 


-0.3V, +V L +0.3V 

Rpf In tn AGND 

+?5\/ 

Ref In to DGND 

±25V 

Stnranfi Tpmnfiraturp Rannp 

— 55°C tn +125°C 



+300°C 


+155°C 



Reference Short Circuit 

Continuous to common or +V S 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr- 
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DAC4815AP 

28-Pin Plastic DIP 

215 

DAC4815BP 

28-Pln Plastic DIP 

215 


NOTE: (1 ) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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A Bipolar Offset and Zero Error (mV) 


Or, Call Customer Service at 1-800-548-6132(USA Only) 

TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±1 2V or ±1 5V, V L = +5V unless otherwise noted. 


PSRR vs FREQUENCY (Bipolar Mode) NOISE vs BANDWIDTH (Bipolar Mode) 



Ik 10k 100k 1M 100 Ik 10k 100k 1M 


Frequency (Hz) Frequency (Hz) 


CHANGE OF GAIN, BIPOLAR OFFSET AND ZERO ERROR 

vs TEMPERATURE POWER SUPPLY CURRENT vs TEMPERATURE 



20 40 60 

80 

-40 

-20 

0 20 40 60 

80 

Temperature (°C) 




Temperature (°C) 



OUTPUT VOLTAGE SWING vs RESISTOR LOAD CROSSTALK (Bipolar Mode) 



Load Resistance (Q) NOTE: Crosstalkjs dominated by digital crosstalk/ 

‘ ; feedthrough of LE signal. 
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Vqut (5rnV/div) AV Around -1 OV (2mV/div) V OUT (5V/div) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±1 2V or ±1 5V, V L = +5V unless otherwise noted. 


FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 


OV 


+5V 

OV 


LE 


SETTLING TIME 
BIPOLAR (-10V to +10V) 



Time (Ips/div) 



Time (2ps/div) 


SETTLING TIME 
BIPOLAR (+1 OV to -1 OV Step) 


-10V 


+5V 


LE 


OV 


OV 



Time (2ps/div) 


MAJOR CARRY GLITCH 



Time (1 ps/div) 

NOTE: Data transition 800 HEX to 7FF HEX . 


DIGITAL FEEDTHROUGH 



Time (500ns/div) 

DAC output noise due to activity on digital inputs 
with latch disabled. 


3.196 


Burr-Brown 1C Data Book — Data Conversion Products 


| bb ! 






Or, Call Custom Service at 1-800-548-6132 (USA Only) 

FUNCTIONAL BLOCK DIAGRAM, DAC4815 — Quad 12-bit DAC, 8-bit Port 


Data In 

ftsT [25I 




4-Bit 

Input 

Register 

\ 

Bits 8 -1 1 , 





8-Bit 

Input 

Register 

\ 

Bits 0 - 7 , 

/ 

Latch 

Register 


4-Bit K ! 

Input Bits 8-11, I — v 

Regisler I / 12-Bit La 

Latch Bits 0-1 1 ) DAC B 

8-Bit \ Register n v 

Input Bits 0 - 7 ) / 

Register / 


4-Bit k 


Input Bits 8 -11, 

Register v 

1 P-Rit 

0 Dlt K 

Latch 

Register 

0“DII 

\ Input Bits 0 - 7 


t Register v 



4-Bit 

Input 

Register 

\ 

Bits 8 -11, 

/ 

12-Bit 

8-Bit 

Input 

Register 

Bits 0 - 7 s . 
— ~ — / 

Latch 

Register 


+10 V 
Voltage 
Reference 


H LJ LL L H 

+V L +V S -V s AGND DGND 


LlI 

+V RFF Out 
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TIMING CHARACTERISTICS 


+V L = +5V, T a = -40°C to +85°C. 


PARAMETER 

MINIMUM 

t, — Address Valid to Write Setup Time 

20ns 

t 2 — Address Valid to Write Hold Time 

10ns 

t 3 — Data Setup Time 

30ns 

t 4 — Data Hold Time 

10ns 

t 5 — Chip Select to LE or Write 

0ns 

Setup Time 


t 6 — Chip Select to LE or Write 

0ns 

Hold Time 


t 7 — Write Pulse Width 

40ns 

t 8 — Clear Pulse Width 

40ns 










— r~ ov 

DATA ’ 

m 


q* 


7t -i 0V 

5V 

CS 

- V~ 

' ov 

5V 

LE, WR 

CLR 

OV 

— T'°n-5v 
x * ov 


NOTES: (1) All input signal rise and fall times are measured 
from 10% to 90% of +5V. t R = t F = 5ns. 

(2) Timing measurement reference level is V [H + Vil • 


INTERFACE LOGIC TRUTH TABLE 



LE 

CS 

Boll 

a 2 

A 1 

A o 

FUNCTION 

i 

1 

0 

0 

0 

0 

0 

DAC A LS input register loaded with D7-D0(LSB) 

i 

1 

0 

0 

0 

0 

1 

DAC A MS input register loaded wtih D3(MSB)-D0 

i 

1 

0 

0 

0 

1 

0 

DAC B LS input register loaded with D7-D0(LSB) 

i 

1 

0 

0 

0 

1 

1 

DAC B MS input register loaded with D3(MSB)-D0 

i 

1 

0 

0 

1 

0 

0 

DAC C LS input register loaded with D7-D0(LSB) 

i 

1 

0 

0 

1 

0 

1 

DAC C MS input register loaded with D3(MSB)-D0 

i 

1 

0 

0 

1 

1 

0 

DAC D LS input register loaded with D7-D0(LSB) 

i 

1 

0 

0 

1 

1 

1 

DAC D MS input register loaded with D3(MSB)-D0 

i 

0 

0 

1 

X 

X 

X 

All DAC registers updated simultaneously from input registers 

i 

0 

0 

0 

X 

X 

X 

All DAC registers are transparent 

i 

X 

1 

X 

X 

X 

X 

No data transfer 

i 

1 

X 

1 

X 

X 

X 

No data transfer 

0 

X 

X 

X 

X 

X 

X 

Input registers cleared = 000 HEX , DAC registers = 800 HEX 


NOTE: X = Don’t care. 


DISCUSSION OF 
SPECIFICATIONS 

INPUT CODES 

All digital inputs of the DAC4815 are TTL and 5 V CMOS 
compatible. Input codes for the DAC4815 are BOB (Bipolar 
Offset Binary). See Figure 3 for ±10V bipolar connection. 


BIPOLAR OUTPUTS FOR SELECTED INPUT 


DIGITAL INPUT 

BIPOLAR (BOB) 

FFFhex 

+Full Scale 

800 hex 

Zero 

7FF hex 

Zero - 1 LSB 

ooo HEX 

-Full Scale 


INTEGRAL OR RELATIVE LINEARITY 

This term, also know as end point linearity, describes the 
transfer function of analog output to digital input code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 


DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1 
LSB change in the output voltage when the input code 
changes by 1 LSB. A differential nonlinearity specification 
of ±1 LSB maximum guarantees monotonicity. 

BIPOLAR ZERO ERROR 

The output voltage for code 800 HEX . 

GAIN ERROR 

The deviation of the output voltage span (V MAX - V MIN ) from 
the ideal span of 20V - 1 LSB (bipolar mode). The gain error 
is specified with and without the internal +10V reference 
error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to ±0.012% (1/2 LSB) is specified for the DAC4815. 
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DIGITAL-TO-ANALOG GLITCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality, glitches occur 
during the transition. See Typical Performance Curves. 

DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC — see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in nV-s. See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedthrough is the noise at a DAC output due to 
activity on the digital inputs — see Typical Performance 
Curves. 

OPERATION 

Depending on the address selected, the 4 MSBs or the 8 
LSBs are written into the appropriate input register for each 
DAC when the WR signal is brought low. The data are 
latched in the input register when the WR goes high. Data 
are then transferred from the input registers to the DAC latch 
registers by bringing LE low. The data are latched in the 
DAC latch registers when LE goes high. All DACs are 
updated simultaneously. 

When CLR is brought low, the input registers are cleared to 
000 hex w hile t he DAC registers = 800 HEX . If LE is brought 
low after CLR the DACs are updated with 000 HEX resulting 
in -10V (bipolar) or OV (unipolar) on the output. 

CIRCUIT DESCRIPTION 

Each of the four DACs in the DAC4815 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener +10.0V reference and a -10V reference 
are shared by all DACs. 

Figure 1 is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at V REp . 
Current from the ladder is switched either to I 0UT or AGND 
by 12 single-pole double-throw CMOS switches. This main- 
tains constant current in each leg of the ladder regardless of 
digital input code. This makes the resistance at V REF constant 
(it can be driven by either a voltage or current reference). 
The reference can be either positive or negative polarity with 
a range of up to ±10V. 

CMOS switches included in series with the ladder terminat- 
ing resistor and the feedback resistor, compensate for 
the temperature drift of the ladder switch ON resistance. 

The output op amps are connected as transimpedance ampli- 
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed and compen- 
sated for precision and fast settling in this application. 



FIGURE 1 . Simplified Circuit Diagram of DAC Cell. 


POWER SUPPLY CONNECTIONS 

The DAC4815 is specified for operation with power sup-i 
plies of V L = +5V and V s = either ±12V or ±15V. Even withl 
the V s supplies at ±1 1.4V the DACs can swing a full ±10V.I 
Power supply decoupling capacitors (lpF tantalum) should 
be located close to the DAC power supply connections. 

Separate digital and analog ground pins are provided to 
permit separate current returns. They should be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code dependent so the impedance to the system 
reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than 0. IQ for less than 0. 1LSB error. 

±10V OUTPUT RANGE CONNECTION 

For a ±10V bipolar output connect the DAC4815 as shown 
in Figure 3. 

CONNECTION TO DIGITAL BUS 

DAC4815s can easily be connected to a pprocessor bus. 
Decode your address lines to deriv e the control signals 
shown in Figure 4. Only one LATCH signal is required for 
a system where all DAC4815s are updated simultaneously. 
If y our want to update D AC4815s inde pendentl y, use sepa- 
rate LATCH signals. The LATCH and WRITE signals can 
be brought low simultaneously to update the DAC registers 
with the same processor instruction that writes the final 8-bit 
data word the DAC input registers. 


iwn 
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NOTE: Ideally R GND = 0£2 


FIGURE 2. Recommended Ground Connections for Multiple DAC Packages. 
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FIGURE 4. Logic Connections for Multiple DAC4815 
Packages. 


FIGURE 3. Analog Connections for ±10V DAC Output. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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CMOS Dual 8-Bit Buffered Multiplying 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• DOUBLE BUFFERED DATA LATCHES 

• SINGLE 5V SUPPLY OPERATION 

• +1/2LSB LINEARITY 

• FOUR-QUADRANT MULTIPLICATION 

• DACs MATCHED TO 1% 

APPLICATIONS 

• DIGITALLY CONTROLLED FILTERS 

• DISK DRIVES 

• AUTO CALIBRATION 

• MOTOR CONTROL SYSTEMS 

• PROGRAMMABLE GAIN/ATTENUATION 

• X-Y GRAPHICS 


DESCRIPTION 

The DAC7528 contains two, 8-bit multiplying digital- 
to-analog converters (DACs). Separate on-chip latches 
hold the input data for each DAC to allow easy inter- 
face to microprocessors. 

Each DAC operates independently with separate refer- 
ence input pins and internal feedback resistors. Excel- 
lent converter-to-converter matching is maintained. 

The DAC7528 operates from a single +5V power 
supply. The inputs are TTL-compatible. Package op- 
tions include 20-pin plastic DIP and SOIC. 


V DD 17 

Data DBO (LSB) 14 
Inputs 

DB7 (MSB) 7 
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SPECIFICATIONS 

ELECTRICAL 

At V DD = +5V; V REFA B = + 10V; l OUT = GND = OV: T = Full Temperature Range specification under Absolute Maximum Ratings unless otherwise noted. 





DAC7528P, U 

DAC7528PB 

, UB 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DC ACCURACY m 

Resolution 

N 


8 



8 



Bits 

Relative Accuracy 

INL 




±1 



±1/2 

LSB 

Differential Nonlinearity 

DNL 

Guaranteed Monolithic Over Temp 



±1 



±1/2 

LSB 

FS Gain Error < 2 > 


T a = +25°C 



±2 



±1 

LSB 



T A =T MIN toT MAX 



±4 



±2 

LSB 

Gain Tempco< 2 >< 3 > 




±2 

±35 


- 

- 

ppm/°C 

Supply Rejection 

PSR 

AV dd = ±5%, T a = +25°C 


0.001 

0.01 


- 

- 

%FSR/% 



Ta = Tmin tO T max 


0.001 

0.01 


- 

- 

%FSR/% 

Output Leakage Current (OUTA) 


DACA = 00 16 T a = +25°C 



±50 



- 

nA 



t a= t min to T max 



±200 



- 

nA 

Output Leakage Current (OUTB) 


DACB = 00 16 . T a = +25°C 



±50 



- 

nA 



^a = T M | N to T max 



±200 



- 

nA 

REFERENCE INPUT 

Input Resistance 


(Vrefa> Vrefb) 

8 

10 

15 




k£2 

Input Resistance Match 


(VflEFAi V REFB ) 



±1 



- 

% 

DYNAMIC PERFORMANCE (4) 










Output Current Settling Time to 1/2 LSB 

Enable Pins Low T A = +25°C 



180 



- 

ns 



Load = 100Q/1 3pF, T A = T MIN to T MAX 



200 



- 

ns 

Digital-to-Analog Propagation Delay 


Enable Pins Low T A = +25°C 



80 



- 

ns 

to 90% of Output 


Load = 1 000/1 3pF, T A = T M , N to T MAX 



100 



- 

ns 

Digital-to-Analog Impulse 




125 



- 


nVs 

AC Feedthrough 


V REFA = 20Vpp Sinewave, T A = +25°C 



-70 




dB 

(V REFA to OUTA) 


1 00kHz, V REFB = 0V, T a = T min to T max 



-65 




dB 

AC Feedthrough 


Vr EFA = 20Vpp Sinewave, T A = +25°C 



-70 




dB 

(V REFB to OUTB) 


1 00kHz, V REFB = 0V, T a = T min to T max 



-65 




dB 

Channel-to-Channel Isolation 


V REFA = 20Vpp Sinewave, 100kHz, 


-90 



- 


dB 

(V REFA to OUTB) 


Vrefb = OV, Both DACs = FF 16 








Channel-to-Channel Isolation 


V REFB = 20Vpp Sinewave 100kHz, 


-90 



- 


dB 

(V REFB to OUTA) 


Vrefa = 0V, Both DACs = FF 16 








Digital Crosstalk 

Measured With Code Transition 00 16 to FF 16 

30 



~ 


nVs 

Harmonic Distortion 

THD 

V IN = 6Vrms at 1kHz 


-85 





dB 

ANALOG OUTPUTS < 4 > 

OUTA capacitance 

CoUTA 

DAC = 00 16 



50 




pF 



DAC = FF 16 



120 



- 

pF 

OUTB capacitance 

CoUTB 

DAC = 00 16 



50 



- 

PF 



DAC = FF 16 



120 



- 

PF 

DIGITAL INPUTS 

Input High Voltage 

V |h 


2.4 






V 

Input Low Voltage 

V 1L 




0.8 



- 

V 

Input Current 

•in 

T a = +25°C 



±1 



- 

pA 



T A =T MIN toT MAX 



±10 



- 

pA 

Input Capacitance (4) 

C, N 

All Digital Inputs 



10 



- 

PF 

POWER REQUIREMENTS 

Supply Current 

•dd 

Digital Inputs = V 1H or V IL , T A = +25°C 



1 




mA 



7a = 7 min to T max 



1 



- 

mA 



Digital Inputs = 0V or V DD , T A = +25°C 



100 



- 

pA 



7a = 7 M | N to T max 



500 



- 

pA 

SWITCHING CHARACTERISTICS (10 

0% tested) 

See Timing Diagram 








Chip Select To Write Setup Time 

tcs 

T a = +25°C 

200 



- 



ns 



7a = 7 min to T max 

230 



- 



ns 

Chip Select To Write Hold Time 

tcH 

T a = +25°C 

20 



- 



ns 



7 a = 7 M | N to T max 

30 



- 



ns 

DAC Select To Write Setup Time 

*AS 

T a = +25°C 

200 



- 



ns 



7a = 7 m , n to T max 

230 



- 



ns 

DAC Select To Write Hold Time 

t A H 

T a = +25°C 

20 



- 



ns 



7a = T m , n to T max 

30 



- 



ns 

Write Pulse Width 

*WR 

T a = +25°C 

180 

! 


- 



ns 



7a = 7 MlN to T max 

200 



- 



ns 

Data Setup Time 

tos 

T a = +25°C 

110 

1 


- 



ns 



7a = T M1N to T max 

130 



- 



ns 

Data Hold Time 

t D H 

T a = +25°C 

0 



- 



ns 


NOTES: (1) Specifications apply to both DACs. (2) Gain error is measured using internal feedback resistor. Full Scale Range (FSR) - VrEF- (3) Guaranteed, but 
not tested. (4) These characteristics are for design guidance only and are not subject to test. 
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DICE INFORMATION 



IBS 

FUNCTION 

IBS 


IBS 

FUNCTION 

i 

v DD 

8 

R fba 

15 

DB4 

2 

V REFB 

9 

v 

v REF B 

16 

DB3 

3 

R fbb 

10 

DGND 

17 

DB2 

4 

OUTB 

11 

DAC A/DAC B 

18 

DB1 

5 

AGNDB 

12 

DB7 

19 

DBO 

6 

AGNDA 

13 

DB6 

20 

CS 

7 

OUTA 

14 

DB5 

21 

WR 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 
Min. Pad Size 

104 x 124 

20 ±3 

4x4 

2.6 x 3.1 

0.51 ±0.08 
0.10x0.10 


DAC7528 TOPOGRAPHY 


ELECTRICAL, (DICE) 


At V DD = +5V; V REFA B = +10V; l OUT = GND = OV: T = Full Temperature Range specification under Absolute Maximum Ratings unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC7528AD 

UNITS 

■MU 

TYP 

MAX 

DC ACCURACY w 







Resolution 

N 


8 



Bits 

Relative Accuracy 

INL 




±1 

LSB 

Differential Nonlinearity 

DNL 

Guaranteed Monolithic Over Temp 



±1 

LSB 

FS Gain Error < 2 > 


T a = +25°C 



±2 

LSB 



Ta= T m , n to T max 



±4 

LSB 

Gain Tempco < 2 ' 3 > 




±2 

±35 

ppm/°C 

Supply Rejection 

PSR 

AV dd = ±5%, T a = +25°C 


0.001 

0.01 

%FSR/% 



T a =T min to T max 


0.001 

0.01 

%FSR/% 

Output Leakage Current (OUTA) 


DAC A = 00 16 T a = +25°C 



±50 

nA 



T a = t m ,n t max 



±200 

nA 

Output Leakage Current (OUTB) 


DACB = 00 16 T a = +25°C 



±50 

nA 



T a = T M | N to T max 



±200 

nA 

REFERENCE INPUT 

Input Resistance 

Input Resistance Match 


(VreFA> V refb ) 

(V REFA) V REFB ) 

8 

10 

15 

±1 

kQ 

% 


NOTES: (1) Specifications apply to both DACs. (2) Gain error is measured using internal feedback resistor. Full Scale Range (FSR) = V REF . (3) Guaranteed, but not 
tested. (4) These characteristics are for design guidance only and are not subject to test. 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC7528P 

20-Pin Plastic DIP 

222 

DAC7528PB 

20-Pin Plastic DIP 

222 

DAC7528U 

20-Pin SOIC 

221 

DAC7528UB 

20-Pin SOIC 

221 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

INL 

PACKAGE 

TEMPERATURE RANGE 

DAC7528P 

±1LSB 

20-Pin Plastic DIP 

-40°C to +85°C 

DAC7528PB 

±1/2LSB 

20-Pin Plastic DIP 

-40°C to +85°C 

DAC7528U 

±1LSB 

20-Pin SOIC 

-40°C to +85°C 

DAC7528UB 

±1/2LSB 

20-Pin SOIC 

^f0°C to +85°C 


PIN CONFIGURATION 
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ABSOLUTE MAXIMUM RATINGS 


V DD to GND OV, +7V 

V REFAB toGND ±25V 

R fab to GND ±25V 

Digital Input Voltage Range -0.3V to V DD 

Output Voltage (pins 2, 20) -0.3V to V DD 

Operating Temperature Range U,P -40°C to +85°C 

DICE 0°C to +70°C 

Junction Temperature +150°C 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 

0 JA U package 105°C/W 

P package 85°C/W 

0 JC U package 60°C/W 

P package 35°C/W 


NOTES: e JA is specified for worst case mounting conditions, i.e., 0 JA is specified 
for device in socket for PDIP package. 

CAUTION: (1) Do not apply voltages higher than V DD or less than GND 
potential on any terminal except V HEFA B (pins 4 and 18) and R FBA , B (pins 
3 and 19). (2) The digital control inputs are zener-protected: however, 
permanent damage may occur on unprotected units from high-energy 
electrostatic fields. Keep units in conductive foam at all times until ready 
to use. (3) Use proper anti-static handling procedures. (4) Absolute 
Maximum Ratings apply to both packaged devices and DICE. Stresses 
above those listed under Absolute Maximum Ratings may cause perma- 
nent damage to the device. 


WRITE CYCLE TIMING DIAGRAM 



MODE SELECTION TABLE 


DAC A/DAC B 

CS 

WR 

DAC A 

DAC B 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible to damage because very small 
parametric changes could cause the device not to meet 
published specifications. 


Digital Inputs: All digital inputs of the DAC7528 incorpo- 
rate on-chip ESD protection circuitry. This protection is 
designed and has been tested to withstand five 2500V 
positive and negative discharges (lOOpF in series with 1500£T) 
applied to each digital input. 

Analog Pins: Each analog pin has been tested to Burr- 
Brown’s analog ESD test consisting of five 1000V positive 
and negative discharges (lOOpF in series with 15000) ap- 
plied to each pin. R FB A , V REFA , R FBB , an d V REFB show some 
sensitivity. 



TYPICAL PERFORMANCE CURVES 

At V DD = +5V; V REFAB = +10V; l 0UT = GND » 0V: T = Full Temperature Range Specification under Absolute Maximum Ratings unless otherwise noted. 



0 1.0 2.0 3.0 4.0 



-40 -20 0 20 40 60 80 100 


V, N (V) 
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DISCUSSION OF CIRCUIT DESCRIPTION 


SPECIFICATIONS 

RELATIVE ACCURACY 

This term, also known as end point linearity or integral 
linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1LSB 
change in the output when the input code changes by 1LSB. 
A differential nonlinearity specification of 1LSB maximum 
guarantees monotonicity. 

GAIN ERROR 

Gain error is the difference between the full-scale DAC 
output and the ideal value. The ideal full scale output value 
for the DAC7528 is -(25 5/256) V REF . Gain error may be 
adjusted to zero using external trims as shown in Figure 4. 

OUTPUT LEAKAGE CURRENT 

The current which appears at I 0U ta an d I 0 utb with the DAC 
loaded with all zeros. 

OUTPUT CAPACITANCE 

The parasitic capacitance measured from I 0UTA or I OUTB to 
AGND. 

CHANNEL-TO-CHANNEL ISOLATION 

The AC output error due to capacitive coupling from DAC 
A to DAC B or DAC B to DAC A. 

AC FEEDTHROUGH ERROR 

The AC output error due to capacitive coupling from V REF to 
I 0UT with the DAC loaded with all zeros. 

OUTPUT CURRENT SETTLING TIME 

The time required for the output current to settle to within 
±0.195% of final value for a full scale step. 

DIGITAL-TO-ANALOG IMPULSE 

The integrated area of the glitch pulse measured in nano volt- 
seconds. The key contributor to digital-to-analog glitch is 
charge injected by digital logic switching transients. 

DIGITAL CROSSTALK 

Glitch impulse measured at the output of one DAC but 
caused by a full scale transition on the other DAC. The 
integrated area of the glitch pulse is measured in nanovolt- 
seconds. 


Figure 1 shows a simplified schematic of one half of a 
DAC7528. The current from the V REF A pin is switched 
between I OUT A and AGND by 8 single-pole double-throw 
CMOS switches. This maintains a constant current in each 
leg of the ladder regardless of the input code. The input 
resistance at V REFA is therefore constant and can be driven by 
either a voltage or current, AC or DC, positive or negative 
polarity, and have a voltage range up to ±20 V. 



A CMOS switch transistor, included in series with the ladder 
terminating resistor and in series with the feedback resistor, 
R FB A , compensates for the temperature drift of the ON 
resistance of the ladder switches. 

Figure 2 shows an equivalent circuit for DAC A. C OUT is the 
output capacitance due to the N-channel switches and varies 
from about 30pF to 70pF with digital input code. The current 
source I LKG is the combination of surface and junction 
leakages to the substrate. I LKG approximately doubles every 
10°C. R 0 is the equivalent output resistance of the D/A and 
it varies with input code. 



FIGURE 2. Simplified Circuit Diagram for DAC A. 


INSTALLATION 

ESD PROTECTION 

All digital inputs of the DAC7528 incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, lOOpF and 1500Q). 
However, industry standard ESD protection methods should 
be used when handling or storing these components. When 
not in use, devices should be stored in conductive foam or 
rails. The foam or rails should be discharged to the destina- 
tion socket potential before devices are removed. 
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POWER SUPPLY CONNECTIONS 

The DAC7528 is designed to operate on V DD = +5V +10%. 
For optimum performance and noise rejection, power supply 
decoupling capacitors C D should be added as shown in the 
application circuits. These capacitors (ljuF tantalum recom- 
mended) should be located close to the D/A. AGND and 
DGND should be connected together at one point only, 
preferably at the power supply ground point. Separate re- 
turns minimize current flow in low-level signal paths if 
properly connected. Output op amp analog common (+ 
input) should be connected as near to the AGND pin of the 
DAC7528 as possible. 

WIRING PRECAUTIONS 

To minimize AC feedthrough when designing a PC board, 
care should be taken to minimize capacitive coupling be- 
tween the V REF lines and the I 0UT lines. Similarly, capacitive 
coupling between DACs may compromise the channel-to- 
channel isolation. Coupling from any of the digital control or 
data lines might degrade the glitch and digital crosstalk 
performance. Solder the DAC7528 directly into the PC 
board without a socket. Sockets add parasitic capacitance 
(which can degrade AC performance). 

AMPLIFIER OFFSET VOLTAGE 

The output amplifier used with the DAC7528 should have 
low input offset voltage to preserve the transfer function 
linearity. The voltage output of the amplifier has an error 
component which is the offset voltage of the op amp multi- 
plied by the “noise gain” of the circuit. This “noise gain” is 
equal to (R F /Ro+ 1) where R 0 is the output impedance of the 
D/A I 0UT terminal and R F is the feedback network imped- 
ance. The non-linearity occurs due to the output impedance 
varying with code. If the 0 code case is excluded (where Rq 
= infinity), the R 0 will vary from R to 3R providing a “noise 
gain” variation between 4/3 and 2. In addition, the variation 
of R 0 is non-linear with code, and the largest steps in R 0 
occur at major code transitions where the worst differential 
non-linearity is also likely to be experienced. The non- 
linearity seen at the amplifier output is 2V os - 4V os /3 = 
2V os /3. Thus, to maintain good non-linearity the op amp 
offset should be much less than 1/2LSB. 

UNIPOLAR CONFIGURATION 

Figure 3 shows DAC7528 in a typical unipolar (two-quad- 
rant) multiplying configuration. The analog output values 
versus digital input code are listed in Table I. The opera- 
tional amplifiers used in this circuit can be single amplifiers 
such as the OPA602, or a dual amplifier such as the OPA2107. 
Cl and C2 provide phase compensation to minimize settling 
time and overshoot when using a high speed operational 
amplifier. 



FIGURE 3. Unipolar Configuration 2 Quadrant Multiplica- 
tion. 


If an application requires the D/A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistors R2 and R4 
induce a positive gain error greater than worst-case initial 
negative gain error. Trim resistors R1 and R3 provide a 
variable negative gain error and have sufficient trim range to 
correct for the worst-case initial positive gain error plus the 
error produced by R2 and R4. 

BIPOLAR CONFIGURATION 

Figure 5 shows the DAC7528 in a typical bipolar (four- 
quadrant) multiplying configuration. The analog output val- 
ues versus digital input code are listed in Table II. 

The operational amplifiers used in this circuit can be single 
amplifiers such as the OPA602, a dual amplifier such as the 
OPA2107, or a quad amplifier like the OPA404. Cl and C2 
provide phase compensation to minimize settling time and 
overshoot when using a high speed operational amplifier. 
The bipolar offset resistors R1-R3 and R4-R6 should be 
ratio-matched to 0.195% to ensure the specified gain error 
performance. 
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FIGURE 4. Unipolar Configuration with Gain Trim. 
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DATA INPUT 

ANALOG OUTPUT 

MSB! i LSB 

1111 1111 

1000 0000 

0000 0001 

0000 0000 

— V REF (255/256) 

-V REF (255/256) = -1/2V ref 
-V REF (1/256) 

OV 


TABLE I. Unipolar Output Code. 


DATA INPUT 

ANALOG OUTPUT 

MSB! ! LSB 

1111 1111 

+ V REF (127/128) 

1000 0001 

+V REF (1/128) 

1000 0000 

OV 

0111 1111 

-V REF (1/128) 

0000 0000 

~V REF (127/128) 


TABLE II. Bipolar Output Code. 



FIGURE 5. Bipolar Configuration 4 Quadrant Multiplication. 
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APPLICATIONS CIRCUIT: 8-BIT PLUS SIGN DAC 
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Low Cost 12-Bit CMOS 
Four-Quadrant Multiplying 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


• FULL FOUR-QUADRANT 
MULTIPLICATION 

• 12-BIT END-POINT LINEARITY 

• DIFFERENTIAL LINEARITY ±1/2LSB MAX 
OVER TEMPERATURE 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• TTL-/CMOS-COMP ATI B LE 

• SINGLE +5V TO +15V SUPPLY 

• LATCH-UP RESISTANT 

• 7521/7541/7541 A REPLACEMENT 

• PACKAGES: Plastic DIP, Plastic SOIC 

• LOW COST 


DESCRIPTION 

The Burr-Brown DAC7541A is a low cost 12-bit, 
four-quadrant multiplying digital-to-analog converter. 
Laser-trimmed thin-film resistors on a monolithic 
CMOS circuit provide true 12-bit integral and differ- 
ential linearity over the full specified temperature 
range. 

DAC7541A is a direct, improved pin-for-pin replace- 
ment for 7521, 7541, and 7541 A industry standard 
parts. In addition to a standard 18-pin plastic package, 
the DAC7541A is also available in a surface-mount 
plastic 18-pin SOIC. 


10kQ lOkO 10kO 


-20kQ >20k& ;>20kQ 


> 20kQ S 20kQ > 20kQ 


SPDT NMOS 
Switches 



Digital Inputs (DTL-/TTL-/CMOS-compatible) 

Logic: A switch is closed to l 0UT1 for its digital input in a “HIGH” state. 


Switches shown for digital inputs “HIGH”. 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

At +25° C, +V DD = +12V or +15V, V REF = +10V, V P)N1 = V P1N2 = OV, unless otherwise specified. 



DAC7541 A 


PARAMETER 

GRADE 

T a = +25°C 

T A = T MAX1 T M1N n> 

UNITS 

TEST CONDITIONS/COMMENTS 

ACCURACY 

Resolution 

All 

12 

12 

Bits 


Relative Accuracy 

J 

±1 

±1 

LSB max 

±1 LSB = ±0.024% of FSR. 


K 

±1/2 

±1/2 

LSB max 

±1/2LSB = ±0.012% of FSR. 

Differenctial Non-linearity 

J 

±1 

±1 

LSB max 

All grades guaranteed monotonic to 1 2 bits, 


K 

±1/2 

±1/2 

LSB max 

T m ,n to T max . 

Gain Error 

J 

±6 

±8 

LSB max 

Measured using internal R FB and includes effect 


K 

±1 

±3 

LSB max 

of leakage current and gain T.C. 

Gain error can be trimmed to zero. 

Gain Temperature Coefficient 






(AGain/ATemperature) 

ALL 


5 

ppm/°C max 

Typical value is 2ppm/°C. 

Output Leakage Current: Out! (Pin 1) 

J, K 

±5 

±10 

nA max 

All digital inputs = 0V. 

Out 2 (Pin 2) 

J, K 

±5 

±10 

nA max 

All digital inputs = V DD . 

REFERENCE INPUT 

Voltage (Pin 17 to GND) 

All 

-10/+10 

-10/+10 

V min/max 


Input Resistance (Pin 17 to GND) 

All 

7-18 

7-18 

k£2 min/max 

Typical input resistance = 1 1kQ. 

Typical input resitance temperature coefficient is 






-50ppm/°C. 

DIGITAL INPUTS 

V IN (Input HIGH Voltage) 

All 

2.4 

2.4 

V min 


V IL (Input LOW Voltage) 

All 

0.8 

0.8 

V max 


l IN (Input Current) 

All 

±1 

±1 

pA max 

Logic inputs are MOS gates. 

I IN typ (25°C) = InA 

C| N (Input Capacitance)* 2 * 

All 

8 

8 

pF max 

V IN = OV 

POWER SUPPLY REJECTION 

AGain/AV DD 

All 

±0.01 

±0.02 

% per % max 

V dd = +11.4V to +16V 

POWER SUPPLY 

V DD Range 

All 

+5 to +16 

+5 to +16 

V min to 

Accuracy is not guaranteed over this range. 





V max 


*DD 

All 

2 

2 

mA max 

All digital inputs V IL or V IN . 


All 

100 

500 

pA max 

All digital inputs 0V or V DD . 


NOTES: (1) Temperature ranges are: = 0°C to + 70°C for JP, KP, JU and KU versions. (2) Guaranteed by design but not production tested. 


AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for design guidance only and are not production tested. 

V DD = +15V, V REF = +10V except where stated, V PIN1 = V P1N2 = OV, output amp is OPA606 except where stated. 



DAC7541 A 


PARAMETER 

GRADE 

T a = +25°C 

7 a = T max , 

UNITS 

TEST CONDITIONS/COMMENTS 

PROPAGATION DELAY 

(from Digital Input change to 90% of 





Out, Load = 1 00Q, C EXT = 1 3pF. 

final Analog Output) 

All 

100 

— 

ns typ 

Digital Inputs = 0V to V DD or V DD to 0V. 

DIGITAL-TO-ANALOG GLITCH 





V REF = 0V, all digital inputs 0V to V DD or V DD to 

IMPULSE 

All 

1000 

— 

nV-s typ 

0V. Measured using OPA606 as output amplifier. 

MULTIPLYING FEEDTHROUGH 
ERROR 

(V REF to Out,) 

All 

1.0 


mVp-p max 

V REF = ±1 0V, 1 0kHz sine wave. 

OUTPUT CURRENT SETTLING TIME 

All 

0.6 

- 

ps typ 

To 0.01% of Full Scale Range. 

Out! Load = 1 0Ofi, C EXT = 1 3pF. 


All 

1.0 

— 

ps max 

Digital Inputs: 0V to V DD or V DD to 0V. 

OUTPUT CAPACITANCE 

Cquti (Pin 1) 

All 

100 

100 

pF max 

Digital Inputs = V )H 

Gout 2 (Pin 2) 

All 

60 

60 

pF max 

Digital Inputs = V, H 

Cquti ( P ' n 1) 

All 

70 

70 

pF max 

Digital Inputs = V IL 

Cqut 2 (Pin 2) 

All 

100 

100 

pF max 

Digital Inputs = V 1L 


NOTE: (1) Temperature ranges are: = 0°C to + 70°C for JP, KP, JU and KU versions. 
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ABSOLUTE MAXIMUM RATINGS™ 


PIN CONNECTIONS 


V DD (Pin 16) to Ground +17V 

V REF (Pin 17) to Ground +25V 

Vrrb (Pin 1 8) to Ground ±25V 

Digital Input Voltage (pins 4-15) to Ground -0.4V, V DD 

Vrini. V PIN2 to Ground -0.4V, V DD 

Power Dissipation (any Package): 

To +75°C. ...... 450mW 

Derates above +75°C -6mW/°C 

Lead Temperature (soldering, 10s) +300°C 

Storage Temperature: Plastic Package +125°C 


NOTE: (1 ) Stresses above those listed above may cause permanent damage to 
the device. This is a stress rating only and functional operation of the device at 
these or any other condition above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTROSTATIC 
V£y DISCHARGE SENSITIVITY 


Top View 


DIP/SOIC 


*OUT1 

E 


E 

*OUT 2 

QC 


E 

GND 

[I 


E 

Bit 1 (MSB) 

Bit 2 

[I 

[I 

DAC7541A 

E 

E 

Bit 3 

E 


E 

Bit 4 

E 


E 

Bit 5 

E 


E 

Bit 6 

E 


E 


r fb 

Vref 

+V DD 

Bit 1 2 (LSB) 
Bit 11 
Bit 10 
Bit 9 
Bit 8 
Bit 7 


PACKAGE INFORMATIONS) 


The DAC7541A is an ESD (electrostatic discharge) sensi- 
tive device. The digital control inputs have a special FET 
structure, which turns on when the input exceeds the supply 
by 18V, to minimize ESD damage. However, permanent 
damage may occur on unconnected devices subject to high 
energy electrostatic fields. When not in use, devices must be 
stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before 
devices are removed. 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC7541JP 

Plastic DIP 

218 

DAC7541 KP 

Plastic DIP 

218 

DAC7541JU 

Plastic SOIC 

219 

DAC7541KU 

Plastic SOIC 

219 

DAC7541 JP-BI 

Plastic DIP 

218 

DAC7541 KP-BI 

Plastic DIP 

218 


NOTE: (1 ) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


BURN-IN SCREENING 

Bum-in screening is an option available for the models in the 
Ordering Information table. Bum-in duration is 160 hours at 
the indicated temperature (or equivalent combination of time 
and temperature). 

All units are tested after bum-in to ensure that grade speci- 
fications are met. To order bum-in, add “-BI” to the base 
model number. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

RELATIVE 
ACCURACY (LSB) 

GAIN ERROR (LSB) 

DAC7541AJP 

Plastic DIP 

0°C to +70°C 

±1 

±6 

DAC7541AKP 

Plastic DIP 

0°C to +70°C 

±1/2 

±1 

DAC7541AJU 

Plastic SOIC 

0°C to +70°C 

±1 

±6 

DAC7541AKU 

Plastic SOIC 

0°C to +70°C 

±1/2 

±1 

BURN-IN SCREENING OPTION 




See text for details. 






TEMPERATURE 

RELATIVE 

BURN-IN TEMP. 

MODEL 

PACKAGE 

RANGE 

ACCURACY (LSB) 

(160 Hours)™ 

DAC7541 AJP-BI 

Plastic DIP 

0°C to +70°C 

±1 

+85°C 

DAC7541AKP-BI 

Plastic DIP 

0°C to +70°C 

±1/2 

+85°C 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 


Burr-Brown IC Data Book — Data Conversion Products 




3.212 














Or, Call Customer Service at 1-800-548-6132 (USA Only) 



TYPICAL PERFORMANCE CURVES 

T a = +25°C, V DD = +15V, unless otherwise noted. 



0 5 10 15 

Supply Voltage (V) 



0 5 10 15 

Supply Voltage (V) 


FEEDTHROUGH ERROR vs FREQUENCY 



Frequency (Hz) 



0 5 10 15 

Supply Voltage (V) 
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CIRCUIT DESCRIPTION 


DISCUSSION 
OF SPECIFICATIONS 

RELATIVE ACCURACY 

This term (also known as linearity) describes the transfer 
function of analog output to digital input code. The linearity 
error describes the deviation from a straight line between 
zero and full scale. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1LSB 
change in the output, from one adjacent output state to the 
next. A differential nonlinearity specification of +1.0LSB 
guarantees monotonicity. 

GAIN ERROR 

Gain error is the difference in measure of full-scale output 
versus the ideal DAC output. The ideal output for the 
DAC7541A is -(4095/4096) X (V REF ). Gain error may be 
adjusted to zero using external trims. 

OUTPUT LEAKAGE CURRENT 

The measure of current which appears at Out t with the DAC 
loaded with all zeros, or at Out, with the DAC loaded with 
all ones. 

MULTIPLYING FEEDTHROUGH ERROR 

This is the AC error output due to capacitive feedthrough 
from V REF to Out, with the DAC loaded with all zeros. This 
test is performed at 10kHz. 

OUTPUT CURRENT SETTLING TIME 

This is the time required for the output to settle to a tolerance 
of ±0.5LSB of final value from a change in code of all zeros 
to all ones, or all ones to all zeros. 

PROPAGATION DELAY 

This is the measure of the delay of the internal circuitry and 
is measured as the time from a digital code change to the 
point at which the output reaches 90% of final value. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

This is the measure of the area of the glitch energy 
measured in nV-seconds. Key contributions to glitch energy 
are digital word-bit timing differences, internal circuitry 
timing differences, and charge injected from digital logic. 

MONOTONICITY 

Monotonicity assures that the analog output will increase or 
stay the same for increasing digital input codes. The 
DAC7541A is guaranteed monotonic to 12 bits. 

POWER SUPPLY REJECTION 

Power supply rejection is the measure of the sensitivity of 
the output (full scale) to a change in the power supply 
voltage. 


The DAC7541A is a 12-bit multiplying D/A converter 
consisting of a highly stable thin-film R-2R ladder network 
and 12 pairs of current steering switches on a monolithic 
chip. Most applications require the addition of a voltage or 
current reference and an output operational amplifier. 

A simplified circuit of the DAC7541A is shown in Figure 1. 
The R-2R inverted ladder binarily divides the input currents 
that are switched between I 0UT } and I 0UT 2 bus lines. This 
switching allows a constant current to be maintained in each 
ladder leg independent of the input code. 

The input resistance at V REF (Figure 1) is always equal to 
R LD r (R LD r is the R/2R ladder characteristic resistance and is 
equal to value “R”). Since R IN at the pin is constant, the 
reference terminal can be driven by a reference voltage or a 
reference current, AC or DC, of positive or negative 
polarity. 



EQUIVALENT CIRCUIT ANALYSIS 

Figures 2 and 3 show the equivalent circuits for all digital 
inputs low and high, respectively. The reference current is 
switched to I OUT 2 when all inputs are low and I OUT , when 
inputs are high. The I L current source is the combination of 
surface and junction leakages to the substrate; the 
1/4096 current source represents the constant one-bit current 
drain through the ladder terminal. 

DYNAMIC PERFORMANCE 
Output Impedance 

The output resistance, as in the case of the output capaci- 
tance, is also modulated by the digital input code. The 
resistance looking back into the I OUT , terminal may be 
anywhere between 10k£2 (the feedback resistor alone when 
all digital inputs are low) and 7.5k£2 (the feedback resistor 
in parallel with approximately 30kH of the R-2R ladder 
network resistance when any single bit logic is high). The 
static accuracy and dynamic performance will be affected by 
this modulation. The gain and phase stability of the output 
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FIGURE 2. DAC7541A Equivalent Circuit (All inputs 
LOW). 

amplifier, board layout, and power supply decoupling will 
all affect the dynamic performance of the DAC7541A. The 
use of a compensation capacitor may be required when high- 
speed operational amplifiers are used. It may be connected 
across the amplifier’s feedback resistor to provide the nec- 
essary phase compensation to critically dampen the output. 
See Figures 4 and 6. 

APPLICATIONS 

OP AMP CONSIDERATIONS 

The input bias current of the op amp flows through the 
feedback resistor, creating an error voltage at the output of 
the op amp. This will show up as an offset through all codes 
of the transfer characteristics. A low bias current op amp 
such as the OPA606 is recommended. 

Low offset voltage and V os drift are also important. The 
output impedance of the DAC is modulated with the digital 
code. This impedance change (approximately lOkQ to 30kQ) 
is a change in closed-loop gain to the op amp. The result is 
that V os will be multiplied by a factor of one to two 
depending on the code. This shows up as a linearity error. 
Offset can be adjusted out using Figure 4. Gain may be 
adjusted using Figure 5. 

UNIPOLAR BINARY OPERATION 
(Two-Quadrant Multiplication) 

Figure 4 shows the analog circuit connections required for 
unipolar binary (two-quadrant multiplication) operation. With 
a DC reference voltage or current (positive or negative 
polarity) applied at pin 17, the circuit is a unipolar D/A 
converter. With an AC reference voltage or current, the 
circuit provides two-quadrant multiplication (digitally con- 
trolled attenuation). The input/output relationship is shown 
in Table I. 



FIGURE 3. DAC7541A Equivalent Circuit (All inputs 
HIGH). 


BINARY INPUT 

ANALOG OUTPUT 

MSB LSB 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

-V REF (4095/4096) 

-V REF (2048/4096) 

-V REF (1/4096) 

OV 


TABLE I. Unipolar Codes. 


Cj phase compensation (10 to 25pF) in Figure 4 may be 
required for stability when using high speed amplifiers. C 1 is 
used to cancel the pole formed by the DAC internal feedback 
resistance and output capacitance at Out r 
Rj in Figure 5 provides full scale trim capability — load the 
DAC register to 1111 1111 1111, adjust for V OUT = -V mF 
(4095/4096). Alternatively, full scale can be adjusted by 
omitting Rj and R 2 and trimming the reference voltage 
magnitude. 

BIPOLAR FOUR-QUADRANT OPERATION 

Figure 6 shows the connections for bipolar four-quadrant 
operation. Offset can be adjusted with the to A 2 summing 
resistor, with the input code set to 1000 0000 0000. Gain 
may be adjusted by varying the feedback resistor of A 2 . The 
input/output relationship is shown in Table II. 


BINARY INPUT 

ANALOG OUTPUT 

MSB LSB 

1111 1111 1111 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 

+V REF (2047/2048) 

OV 

-V REF (1/2048) 

V REF (2048/2048) 


TABLE II. Bipolar Codes. 


mm 
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FIGURE 5. Basic Connection With Gain Adjust (allows adjustment up or down). 



FIGURE 6. Bipolar Four-Quadrant Multiplier. 
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DIGITALLY CONTROLLED GAIN BLOCK 

The DAC7541A may be used in a digitally controlled gain 
block as shown in Figure 7. This circuit gives a range of gain 
from one (all bits = one) to 4096 (LSB = one). The transfer 
function is: 



All bits off is an illegal state, as division by zero is impos- 
sible (no op amp feedback). Also, errors increase as gain 
increases, and errors are minimized at major carries (only 
one bit on at a time). 



< 

T" 

lO 

1 ^. 

O 

< 

D 
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CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTER 
Microprocessor Compatible 


FEATURES 

• FOUR-QUADRANT MULTIPLICATION 

• LOW GAIN TC: 2ppm/°C typ 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• SINGLE 5V TO 15V SUPPLY 

• TTL/CMOS LOGIC COMPATIBLE 

• LOW OUTPUT LEAKAGE: 10nA max 

• LOW OUTPUT CAPACITANCE: 70pF max 

• DIRECT REPLACEMENT FOR AD7545, 
PM-7545 


DESCRIPTION 

The DAC7545 is a low-cost CMOS, 12-bit four- 
quadrant multiplying, digital-to-analog converter with 
input data latches. The input data is loaded into the 
DAC as a 12-bit data word. The data flows through to 
the DAC when both the chip select (CS) and the write 
(WR) pins are at a logic low. 

Laser-trimmed thin-film resistors and excellent CMOS 
voltage switches provide true 12-bit integral and dif- 
ferential linearity. The device operates on a single 
+5V to + 15V supply and is available in 20-pin plastic 
DIP or 20-lead plastic SOIC packages. Devices are 
specified over the commercial, industrial, and military 
temperature ranges. 

The DAC7545 is well suited for battery or other low 
power applications because the power dissipation is 
less than 0.5mW when used with CMOS logic inputs 
and V nn = +5V. 



DB ir DB 0 
(Pins 4-15) 
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SPECIFICATIONS 


ELECTRICAL 

V REF = +10V, V OUT1 = OV, ACOM = DCOM, unless otherwise specified. 




DAC7545 





V DD 

+5V 

V DD = 

+15V 



PARAMETER 

GRADE 

T a = +25°C 

Tmax-Tm,** 1 * 

T a = +25°C 

Tmax-Tmim* 1 * 

UNITS 

TEST CONDITIONS/COMMENTS 

STATIC PERFORMANCE 

Resolution 

All 

12 

12 

12 

12 

Bits 


Accuracy 

D, J, A, S 

±2 

±2 

±2 

±2 

LSB 



K, B, T 

±1 

±1 

±1 

±1 

LSB 



L, C, U 

±1/2 

±1/2 

±1/2 

±1/2 

LSB 



GL, GC, GU 

±1/2 

±1/2 

±1/2 

±1/2 

LSB 


Differential Nonlinearity 

D, J, A, S 

±4 

±4 

±4 

±4 

LSB 

1 0-Bit Monotonic, T MIN to T MAX 


K, B, T 

±1 

±1 

±1 

±1 

LSB 

1 0-Bit Monotonic, T MIN to T MAX 


L, C, U 

±1 

±1 

±1 

±1 

LSB 

1 2-Bit Monotonic, T MIN to T MAX 


GL, GC, GU 

±1 

±1 

±1 

±1 

LSB 

1 2-Bit Monotonic, T MIN to T MAX . 

Gain Error (with internal R FB ) (2) 

D, J, A, S 

±20 

±20 

±25 

±25 

LSB 

f D/A register loaded with FFF H . 1 


K, B, T 

±10 

±10 

±15 

±15 

LSB 

J Gain error is adjustable using | 


L, C, U 

±5 

±6 

±10 

±10 

LSB 

] the circuits in Figures 2 and 3. i 


GL, GC, GU 

±1 

±2 

±6 

±7 

LSB 

l 

Gain Temperature Coefficient* 3 * 








(AGain/ATemperature 

All 

±5 

±5 

±10 

±10 

ppm/°C 

Typical value is 2ppm/°C 






for V DD = +5 

DC Supply Rejection* 3 * 








(AGain/AV DD ) 

All 

0.015 

0.03 

0.01 

0.02 

%/% 

AV dd ±5% 

Output Leakage Current at Out 1 

D, J, K, L, GL 

10 

50 

10 

50 

nA 

DBo-DB^ = 0V;WR, CS = 0V 


A, B, C, GC 

10 

50 

10 

50 

nA 



S, T, U, GU 

10 

200 

10 

200 

nA 


DYNAMIC PERFORMANCE 

Current Settling Time* 3 * 

All 

2 

2 

2 

2 

\iS 

To 1/2LSB. Out, Load = 100ft 

DAC output measured from 








falling edge of WR. CS = 0V 

Propagation Delay* 3 * (from digital input 
change to 90% of final analog output) 

All 

300 


250 


ns 

Out, Load = 100ft. C EXT = 13pF< 4 > 

Glitch Energy 

All 

400 


250 


nV-s* 5 * 

V REF = ACOM 

AC Feedback at l 0UT 1 

All 

5 

5 

5 

5 

mVp-p* 5 * 

V REF = ±10V, 10kHz Sine Wave 

REFERENCE INPUT 

Input Resistance (pin 19 to AGND) 

All 

7 

7 

7 

7 

kQ< 6 > 

Input resistance TC = 300ppm/°C< 5 * 



25 

25 

25 

25 

kD. 


AC OUTPUTS 

Output Capacitance* 3 *: C OUT1 

All 

70 

70 

1 

70 

70 

PF 

DB 0 -DB„ = 0V; WR, CS = 0V 

^OUT2 

All 

200 

200 

200 

200 

PF 

DB 0 -DB„ = V DD ; WR, CS = 0V 

DIGITAL INPUTS 

V 1H (Input HIGH Voltage) 

All 

2.4 

2.4 

13.5 

13.5 

V<6) 


V IL (Input LOW Voltage) 

All 

0.8 

0.8 

1.5 

1.5 

V 


l, N (Input Current)* 7 * 

All 

±1 

±10 

±1 

±10 

pA 

V IN = 0orV DD 

Input Capacitance* 3 *: DBq-DB,, 

All 

5 

5 

5 

5 

PF 

V, N = OV 

WR, CS 

All 

20 

20 

20 

20 

PF 

V IN - OV 

SWITCHING CHARACTERISTICS* 8 * 

Chip Select to Write Setup Time, t cs 

All 

280 

380 

180 

200 

ns* 6 * 

See Timing Diagram 



200 

270 

120 

150 

ns* 5 * 


Chip Select to Write Hold Time, t CH 

All 

0 

0 

o 

0 

ns* 6 * 


Write Pulse Width, t WR 

All 

250 

400 

160 

240 

ns* 6 * 

tcS - W tcH - 0 



175 

280 

100 

170 

ns* 5 * 


Data Setup Time, t DS 

All 

140 

210 

90 

120 

ns* 6 * 




100 

150 

60 

80 

ns* 5 * 


Data Hold Time, t DH 

All 

10 

10 

10 

10 

ns* 6 * 


POWER SUPPLY, l DD 

All 

2 

2 

2 

2 

mA 

All Digital Inputs V IL or V IH 


All 

100 

500 

100 

500 

pA 

All Digital Inputs 0V or V DD 


All 

10 

10 

10 

10 

pA< 5 > 

All Digital Inputs 0V or V DD 


NOTES: (1) Temperature ranges — J, K, L, GL: 0°C to +70°C. A, B, C, GC: -25°C to +85°C. S, T, U, GU: -55°C to +125°C. (2) This includes the effect of 5ppm max, 
gain TC. (3) Guaranteed but not tested. (4) DB 0 -DB,, = OV to V DD or V DD to OV. (5) Typical. (6) Minimum. (7) Logic inputs are MOS gates. Typical input current (+25°C) 
is less than 1 nA. (8) Sample tested at +25°C to ensure compliance. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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ABSOLUTE MAXIMUM RATINGS™ 

T a = +25°C, unless otherwise noted. 


V DD to DGND -0.3V, +17 

Digital Input to DGND -0.3V, V DD 

V RFB .V REF ,toDGND ±25V 

V PIN1 to DGND -0.3V, V DD 

AGND to DGND -0.3V, V DD 

Power Dissipation: Any Package to +75°C 450m W 

Derates above +75°C by 6mW/°C 

Operating Temperature: 

Commercial J, K, L, GL 0°C to +70°C 

Industrial A, B, C, GC -25°C to +85°C 

Military S, T, U, GU '....: -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 


NOTE: (1 ) Stresses above those listed above may cause permanent damage to 
the device. This is a stress rating only and functional operation of the device at 
these or any other condition above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Any integral circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible to damage because very small 
parametric changes could cause the device not to meet 
published specifications. 


PIN CONNECTIONS 


Top View 


\J 


DIP/SOIC 

OUT 1 

H 

20 

r fb 

AGND 

7 



V REF 

DGND 

■ 3 “ 



^DD 

(MSB) DB U 




WR 

db 10 

7 

DAC7545 

7 

cs 

db 9 

7 

7 

DB 0 (LSB) 

db 8 

n 


□ 

DB 1 

db 7 

z 


7 

db 2 

db 6 



• 

db 3 

db 5 

7 


7 

db 4 







PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC7545AP 

20-Pin PDIP 

222 

DAC7545BP 

20-Pin PDIP 

222 

DAC7545JP 

20-Pin PDIP 

222 

DAC7545KP 

20-Pin PDIP 

222 

DAC7545GLP 

20-Pin PDIP 

222 

DAC7545JU 

20-Pin SOIC 

221 

DAC7545KU 

20-Pin SOIC 

221 

DAC7545LU 

20-Pin SOIC 

221 

DAC7545GLU 

20-Pin SOIC 

221 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 



ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

RELATIVE 
ACCURACY (LSB) 

GAIN ERROR (LSB) 
V dd = + 5V 

DAC7545JP 

Plastic DIP 

0°C to +70°C 

±2 

±20 

DAC7545KP 

Plastic DIP 

0°C to +70°C 

±1 

±10 

DAC7545LP 

Plastic DIP 

0°C to +70°C 

±1/2 

±5 

DAC7545GLP 

Plastic DIP 

0°C to +70°C 

±1/2 

±1 

DAC7545JU 

Plastic SOIC 

0°C to +70°C 

±2 

±20 

DAC7545KU 

Plastic SOIC 

0°C to +70°C 

±1 

±10 

DAC7545LU 

Plastic SOIC 

0°C to +70°C 

±1/2 

±5 

DAC7545GLU 

Plastic SOIC 

0°C to +70°C 

±1/2 

±1 
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WRITE CYCLE TIMING DIAGRAM 



Mode Selection | 

Write Mode 

Hold Mode 

CS and WR low, DAC responds 
to Data Bus (DB 0 -DB n ) inputs. 

Either CS or WR high, data bus 
(DBq-DB^) is locked out; DAC 
holds last data present when 

WR or CS assumed high state. 


NOTES: V DD = +5V, t R = t F = 20ns. V DD = +1 5V, t R = t F = 40ns. All inputs signal rise 
and fall times measured from 1 0% to 90% of V DD . Timing measurement reference 
level is (V, H + V, L )/2. 



PAD 

FUNCTION 

PAD 

FUNCTION 


OUT 1 

13 

db 3 


AGND 

14 

db 2 


AGND 

15 

DB, (LSB) 


DGND 

16 

DB 0 


DB1 1 

17 

CS 

mm 

DB10 

18 

WR 


DB9 

19 

XYR 

HI 

DB8 

20 

^DD 

9 

DB7 

21 

Vref 

10 

DB6 

22 

Rfb 

11 

db 5 

23 

OUT, 

12 

db 4 




Substrate Bias: Isolated. NC: No Connection 


MECHANICAL INFORMATION 


DAC7545 DIE TOPOGRAPHY 



MILS (0.001 M ) 

MILLIMETERS 

Die Size 

136 x 134 ±5 

3.45x3.40 ±0.13 

Die Thickness 

20 ±3 

0.51 ±0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Metalization 


Aluminum 


DISCUSSION 
OF SPECIFICATIONS 

Relative Accuracy 

This term (also known as end point linearity) describes the 
transfer function of analog output to digital input code. 
Relative accuracy describes the deviation from a straight 
line after zero and full scale have been adjusted. 

Differential Nonlinearity 

Differential nonlinearity is the deviation from an ideal 1LSB 
change in the output, for adjacent input code changes. A 
differential nonlinearity specification of 1LSB guarantees 
monotonicity. 

Gain Error 

Gain error is the difference in measure of full-scale output 
versus the ideal DAC output. The ideal output for the 
DAC7545 is -(4095/4096)(V REF ). Gain error may be ad- 
justed to zero using external trims as shown in the applica- 
tions section. 

BURR - BROWN® 


Output Leakage Current 

The current which appears at OUT 1 with the DAC loaded 
with all zeros. 

Multiplying Feedthrough Error 

The AC output error due to capacitive feedthrough from 
Vref t0 OUT 1 with the DAC loaded with all zeros. This test 
is performed using a 10kHz sine wave. 

Output Current Settling Time 

The time required for the output to settle within ±0.5LSB 
of final value from a change in code of all zeros to all ones, 
or all ones to all zeros. 
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Propagation Delay 

The delay of the internal circuitry is measured as the time 
from a digital code change to the point at which the 
output reaches 90% of final value. 


current than normal. Minimizing this transition time through 
the linear region and insuring that the digital inputs are 
operated as close to the rails as possible will minimize the 
supply drain current. 


Digital-to-Analog Glitch Impulse 

The area of the glitch energy measured in nanovolt-seconds. 
Key contributions to glitch energy are internal circuitry 
timing differences and charge injected from digital 
logic. The measurement is performed with V REF = GND and 
an OPA600 as the output op amp and Gj (phase 
compensation) = OpF. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC7545 is guaranteed monotonic to 12 bits, except the 
J, A, S grades are specified to be 10-bit monotonic. 

Power Supply Rejection 

Power supply rejection is the measure of the sensitivity of 
the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 

Figure 1 shows a simplified schematic of the digital-to- 
analog converter portion of the DAC7545. The current from 
the V REF pin is switched from OUT 1 to AGND by the 
FET switch. This circuit architecture keeps the resistance at 
the reference pin constant and equal to R ldr , so the reference 
could be provided by either a voltage or current, AC or DC, 
positive or negative polarity, and have a voltage range up to 
+20V even with V DD = 5V. The R ldr is equal to “R” and is 
typically llkQ. 



FIGURE 1. Simplified DAC Circuit of the DAC7545. 


The output capacitance of the DAC7545 is code dependent 
and varies from a minimum value (70pF) at code 000H to a 
maximum (200pF) at code FFFH. 

The input buffers are CMOS inverters, designed so that 
when the DAC7545 is operated from a 5V supply (V DD ), the 
logic threshold is TTL-compatible. Being simple CMOS 
inverters, there is a range of operation where the inverters 
operate in the linear region and thus draw more supply 


APPLICATIONS 

UNIPOLAR OPERATION 

Figure 2 shows the DAC7545 connected for unipolar opera- 
tion. The high-grade DAC7545 is specified for a 1LSB gain 
error, so gain adjust is typically not needed. However, the 
resistors shown are for adjusting full-scale errors. The value 
of R, should be minimized to reduce the effects of mis- 
matching temperature coefficients between the internal and 
external resistors. A range of adjustment of 1.5 times the 
desired range will be adequate. For example, for a 
DAC7545JP, the gain error is specified to be +25LSB. A 
range of adjustment of ±37LSB will be adequate. The 
equation below results in a value of 45 8 £2 for the potentiom- 
eter (use 500£2). 

R, _ R ladder (3 x Gain Eno 
1 4096 

The addition of Rj will cause a negative gain error. To 
compensate for this error, R 2 must be added. The value of R 2 
should be one-third the value of R v 

The capacitor across the feedback resistor is used to com- 
pensate for the phase shift due to stray capacitances of the 
circuit board, the DAC output capacitance, and op amp input 
capacitance. Eliminating this capacitor will result in exces- 
sive ringing and an increase in glitch energy. This capacitor 
should be as small as possible to minimize settling time. 

The circuit of Figure 2 may be used with input voltages up 
to +20V as long as the output amplifier is biased to handle 
the excursions. Table I represents the analog output for four 
codes into the DAC for Figure 2. 



BINARY CODE 

ANALOG OUTPUT 

MSB LSB 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

-V IN (4095/4096) 

-V IN (2048/4096) = -1/2 V IN 
-V IN (1/4096) 

0 V 


TABLE I. Unipolar Codes. 
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FIGURE 3. Bipolar Operation (Two's Complement Code). 

BIPOLAR OPERATION 

Figure 3 and Table II illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function 
itself uses offset binary code. The inverter, U p on the MSB 
line converts two's complement input code to offset binary 
code. If the inversion is done in software, U t may be 
omitted. 

R 3 , R 4 , and R 5 must match within 0.01% and should be the 
same type of resistors (preferably wire- wound or metal foil), 
so that their temperature coefficients match. Mismatch of R 3 
value to R 4 causes both offset and full-scale error. Mismatch 
of R 5 to R 4 and R 3 causes full-scale error. 


DATA INPUT 

ANALOG OUTPUT 

MSB LSB 

0111 1111 1111 

0000 0000 0001 

0000 0000 0000 

1111 1111 1111 

1000 0000 0000 

+V IN (2047/2048) 

+V 1N (1/2048) 

0 V 

-V IN (1/2048) 

-V IN (2048/2048) 


TABLE II. Two's Complement Code Table for Circuit of 
Figure 3. 


DIGITALLY CONTROLLED GAIN BLOCK 

Figure 4 shows a circuit for digitally controlled gain block. 
The feedback for the op amp is made up of the FET switch 
and the R-2R ladder. The input resistor to the gain block is 
the R fb of the DAC7545. Since the FET switch is in the 
feedback loop, a “zero code” into the DAC will result in the 
op amp having no feedback, and a saturated op amp output. 



connected to an external op amp with its noninverting input 
connected to AGND. The op amp selected should have a 
low input bias current and low V os and V os drift over 
temperature. The op amp offset voltage should be less than 
(25 X 1 0 _6 )(V ref ) over operating conditions. Suitable op 
amps are the Burr-Brown OPA37 and the OPA627 for fixed 
reference applications and low bandwidth requirement. The 
OPA37 has low V os and will not require an offset trim. For 
wide bandwidth, high slew rate, or fast settling applications, 
the Burr-Brown OPA604 or 1/2 OPA2604 are recommended. 


APPLICATIONS HINTS 

CMOS DACs, such as the DAC7545, exhibit a code-depen- 
dent out resistance. The effect of this is a code-dependent 
differential nonlinearity at the amplifier output which 
depends on the offset voltage, V os , of the amplifier. Thus 
linearity depends upon the potential of OUT 1 and AGND 
being exactly equal to each other. Usually the DAC is 


Unused digital inputs should be connected to V DD or to 
DGND. This prevents noise form triggering the high imped- 
ance digital input. It is suggested that the unused digital 
inputs also be given a path to ground or V DD through a 1MO 
resistor to prevent the accumulation of static charge if the PC 
card is unplugged from the system. In addition, in systems 
where the AGND to DGND connection is on a backplane, it 
is recommended that two diodes be connected in inverse 
parallel between AGND and DGND. 


IbbI 
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INTERFACING 
TO MICROPROCESSORS 

The DAC7545 can be directly interfaced to either an 8- or 
16-bit microprocessor through its 12-bit wide data latch 
using the CS and WR controls. 

An 8-bit processor interface is shown in Figure 5. It uses two 
memory addresses, one for the lower 8 bits and one for the 
upper 4 bits of data into the DAC via the latch. 



FIGURE 5. 8-Bit Processor Interface. 
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Dual Monolithic CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTERS 


FEATURES 


• TWO D/As IN A 0.3” WIDE PACKAGE 

• SINGLE +5V SUPPLY 

• HIGH SPEED DIGITAL INTERFACE: 

Serial — DAC7800 

8 + 4-Bit Parallel — DAC7801 
12-Bit Parallel— DAC7802 

• MONOTONIC OVER TEMPERATURE 

• LOW CROSSTALK: -94dB min 

• FULLY SPECIFIED OVER -40°C TO +85°C 


APPLICATIONS 


• PROCESS CONTROL OUTPUTS 

• ATE PIN ELECTRONICS LEVEL SETTING 

• PROGRAMMABLE FILTERS 

• PROGRAMMABLE GAIN CIRCUITS 

• AUTO-CALIBRATION CIRCUITS 


DESCRIPTION 

The DAC7800, DAC7801 and DAC7802 are mem- DAC7802 has a single-buffered 12-bit data word in- 

bers of a new family of monolithic dual 12-bit CMOS terface. Parallel data is loaded (edge triggered) into the 

multiplying digital-to-analog converters. The digital single D/A register for each D/A. DAC7802 is pack- 
interface speed and the AC multiplying performance aged in a 24-pin 0.3" wide plastic DIP. 
are achieved by using an advanced CMOS process 
optimized for data conversion circuits. High stability 

on-chip resistors provide true 12-bit integral and dif- h. DAC7802 — \ v R 

ferential linearity over the wide industrial temperature 1 2-Bit interface __/ p FA . o 

range of -40°C to +85°C. L-j - — ^ — \ — X. ‘o ut a 

DAC7800 features a serial interface capable of clock- |g |< 1$ 12 1 2 '^^ AC ^> agnd a 

ing-in data at a rate of at least 10MHz. Serial data is 0 0 H 0 

clocked (edge triggered) MSB first into a 24-bit shift DAC7801 — x v RpB g 

register and then latched into each D/A separately or 8 Bite + Tats — ^-1 o'" 8 I 

simultaneously as required by the application. An 6 j> j? A (!) o —I — N___ l ^ ) TB 

asynchronous CLEAR control is provided for power- iS 2 iq 0 ^ 12 12-Bit mdac\ AGN d b 

on reset or system calibration functions. It is packaged 0 *0 13 DAC B o 

in a 16-pin 0.3" wide plastic DIP. 0 . , I 

Ser Jt- DAC7800 ~\ 

DAC7801 has a 2-byte (8 + 4) double-buffered 0 Serial interface _/ 

interface. Data is first loaded (level transferred) into 6 S S ' 

the input registers in two steps for each D/A. Then * .< , m (£r 

both D/As are updated simultaneously. DAC7801 fea- o g g Id 0 

tures an asynchronous CLEAR control. DAC7801 is 
packaged in a 24-pin 0.3" wide plastic DIP. 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602)889-1510 • Immediate Product Info: (800)548-6132 


DAC7802 

12-Bit Interface 


DAC7801 

8-Bit Interface 
8 Bits + 4 Bits 


ICO ICC |CC |Q 9 t- 

lo U I5: k < < 


DAC7800 

Serial Interface 


< CD |CC |CO 

o £ £ lo '° 

3 3 


12-Bit MDAC 
DAC A > 


12-Bit MDAC ^ 
DAC B > 
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SPECIFICATIONS 


ELECTRICAL 

At V DD = +5VDC, V REFA = V REFB = +10V, T A = -40°C to +85°C unless otherwise noted. 




DAC7800/7801/7802K, D 

DAC7800/7801 /7802L 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

ACCURACY 

Resolution 


12 



* 


. 

Bits 

Relative Accuracy 




±1 



±1/2 

LSB 

Differential Nonlinearity 




±1 



* 

LSB 

Gain Error 

Measured Using R F8 A and R FB B . 

All Registers Loaded with All Is. 



±3 



±1 

LSB 

Gain Temperature Coefficient* 1 > 



2 

5 


* 

* 

ppm/°C 

Output Leakage Current 

T a = +25°C 


0.005 

10 


* 

* 

nA 


T a = -40°C to +85°C 


3 

150 


* 

* 

nA 

REFERENCE INPUT 

Input Resistance 


6 

10 

14 

* 

* 

* 

kQ 

Input Resistance Match 



0.5 

3 


* 

2 

% 

DIGITAL INPUTS 

V IH (Input High Voltage) 


2 



* 



V 

V IL (Input Low Voltage) 




0.8 



* 

V 

l IN (Input Current) 

T a * +25°C 



±1 



* 

pA 


T a = -40°C to +85°C 



±10 



* 

*lA 

C IN (Input Capacitance) 



0.8 

10 


* 

* 

PF 

POWER SUPPLY 









V DD 

'dd 


4.5 


5.5 

* 


* 

V 



0.2 

2 


* 

* 

mA 

Power Supply Rejection 

V DD from 4.5V to 5.5V 



0.002 



* 

%/% 


* Same specification as for DAC7800/7801/7802K. 


AC PERFORMANCE 


OUTPUT OP AMP IS OPA602. 

At V DD = +5VDC, V REFA = V REFB = +10V, T a = +25°C unless otherwise noted. These specifications are fully characterized but not subject to test. 




DAC7800/7801 /7802K, D 

DAC7800/7801 /7802L 


PARAMETER 

CONDITIONS 




MIN 

TYP 

MAX 

UNITS 

OUTPUT CURRENT SETTLING TIME 

To 0.01% of Full Scale 
R l = 100a, C L = 13pF 


0.4 

0.8 




ps 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

v refa = v refb = ov 

R l = 100Q, C L = 13pF 


0.9 



■ 


nV-s 

AC FEEDTHROUGH 

f VREF = 10kHz 


-75 

-72 



* 

dB 

OUTPUT CAPACITANCE 

DAC Loaded with Ail 0s 


30 

50 




pF 


DAC Loaded with All Is 


70 

100 


HU 


pF 

CHANNEL-TO-CHANNEL ISOLATION 

^REF A *OUT B 

Wfa - 10kHz 

V REFB = 0V, 

Both DACs Loaded with Is 

-90 

-94 


* 

* 


dB 

Vrefb ' 0 'out a 

Web =10kHz 
v REFA = ov, 

Both DACs Loaded with Is 

-90 

-101 





dB 

DIGITAL CROSSTALK 

Full Scale Transition 

R l = 1000, C L = 13pF 


0.9 





nV-s 


NOTE: (1) Guaranteed but not tested. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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ABSOLUTE MAXIMUM RATINGS 

At T a = +25°C unless otherwise noted. 


V DD to AGND OV, +7V 

V DD to DGND OV, +7V 

AGND to DGND -0.3, V 0D 

Digital Input to DGND -0.3, V DD + 0.3 

V REFA , V REFB toAGND ±25V 

V REFA - V REFB to DGND ±25V 

U a. Ub to AGND -0.3, V D0 

Storage Temperature Range ; -55°C to +125°C 

Operating Temperature Range -40°C to +85°C 

Lead Temperature (soldering, 10s) +300°C 

Junction Temperature +175°C 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. 

Burr-Brown Corporation recommends that all integrated cir- 
cuits be handled and stored using appropriate ESD protection 
methods. 

Digital Inputs : All digital inputs of the DAC780X family 
incorporate on-chip ESD protection circuitry. This protection 
is designed and has been tested to withstand five 2500V 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

DAC7800KP 

16-Pin PDIP 

180 

DAC7800LP 

16-Pin PDIP 

180 

DAC7800KU 

16-Pin SOIC 

211 

DAC7800LU 

16-Pin SOIC 

211 

DAC7801KP 

24-Pin DIP 

243 

DAC7801 LP 

24-Pin DIP 

243 

DAC7801 KU 

24-Pin SOIC 

239 

DAC7801 LU 

24-Pin SOIC 

239 

DAC7802KP 

24-Pin DIP 

243 

DAC7802LP 

24-Pin DIP 

243 

DAC7802KU 

24-Pin SOIC 

239 

DAC7802LU 

24-Pin SOIC 

239 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


positive and negative discharges ( 1 OOpF in series with 1 500Q) 
applied to each digital input. 

Analog Pins : Each analog pin has been tested to Burr- 
Brown’s analog ESD test consisting of five 1000V positive 
and negative discharges (lOOpF in series with 1500Q) ap- 
plied to each pin. AGND, I 0UT , and R FB show some sensitiv- 
ity. Failure to observe ESD handling procedures could result 
in catastrophic device failure. 



ORDERING INFORMATION 


MODEL 

RELATIVE ACCURACY 

GAIN ERROR 

PACKAGE 

DAC7800KP 

DAC7800KU (1) 

±1 LSB 

±3LSB 

16-Pin DIP 
16-Lead SO 

DAC7800LP 

DAC7800LU 

±1/2LSB 

±1LSB 

16-Pin DIP 
16-Lead SO 

DAC7801KP 

DAC7801KU 

±1 LSB 

±3LSB 

24-Pin DIP 
24-Lead SO 

DAC7801LP 
DAC7801 LU 

±1/2LSB 

±1LSB 

24-Pin DIP 
24-Lead SO 

DAC7802KP 

DAC7802KU< 1 > 

±1 LSB 

±3LSB 

24-Pin DIP 
24-Lead SO 

DAC7802LP 

DAC7802LU 

±1/2LSB 

±1LSB 

24-Pin DIP 
24-Lead SO 


NOTE: (1) Available with Tape and Reel. Add "-TR" to basic model number. 
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DICE INFORMATION 
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DAC7801 DIE TOPOGRAPHY 
MECHANICAL INFORMATION 




DAC7800 

MILS (0.001") 

MILLIMETERS 

Die Size 

131 x 1 36 ±5 

3.33x3.07 ±0.13 

Die Thickness 

20 ±3 

0.51 ±0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Metalization 


Aluminum 

Substrate Bias: +V DD 

DAC7801 

MILS (0.001") 

MILLIMETERS 

Die Size 

131 x 1 34 ±5 

3.33x3.07 ±0.13 

Die Thickness 

20 ±3 

0.51 ±0.08 

Min. Pad Size 

4x4 

0.10x0.10 

Metalization 


Aluminum 
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DAC7800 



PIN CONFIGURATION 



AGNDB 

loUTB 

Rfbb 

Vrefb 

Vdd 

CLR 

Opdb 

DGND 


LOGIC TRUTH TABLE 


CLK 

UPD A 

UPD B 

CS 

CLR 

FUNCTION 

X 

X 

X 

X 

0 

All register contents set to 0’s (asynchronous). 

X 

X 

X 

1 

X 

No data transfer. 

\ 

X 

X 

0 

1 

Input data is clocked into input register (location Bit 23) and previous data shifts. 

X 

0 

1 

0 

1 

Input register bits 23 (LSB) — 1 2 (MSB) are loaded into DAC A. 

X 

1 

0 

0 

1 

Input register bits 1 1 (LSB) — 0 (MSB) are loaded into DAC B. 

X 

0 

0 

0 

1 

Input register bits 23 (LSB) — 12 (MSB) are loaded into DAC A, and input register bits 11 (LSB) — 0 (MSB) 






are loaded into DAC B. 

X = Don’t care. 

t_ means falling edge triggered. j 


DATA INPUT FORMAT 


DAC7800 Digital Interface Block Diagram 

UPDB 



DAC7800 Data Input Sequence 


CLK 



MSB LSB MSB LSB 

DACB DACB DAC A DAC A 
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DAC7800 (CONT) 

TIMING CHARACTERISTICS 

V D d = +5V, V REF A = V REF g = +1 OV, T a = — 40°C to +85°C. 



2 


PARAMETER 

MINIMUM 

^ — Data Setup Time 

15ns 

t 2 — Data Hold Time 

15ns 

t 3 — Chip Select to CLK, 

15ns 

Update, Data Setup Time 


t 4 — Chip Select to CLK, 

40ns 

Update, Data Hold Time 


t 5 — CLK Pulse Width 

40ns 

t 6 — Clear Pulse Width 

40ns 

t 7 — Update Pulse Width 

40ns 

t 8 -CLK Edge toUPDA 

15ns 

orUPDB 



DAC7801 

BLOCK DIAGRAM PIN CONFIGURATION 



i 

LOGIC T 

RUTH TA 

BLE 



■ - 1 


CLR 

UPD 

cs 

WR 

A1 

AO 

FUNCTION 

1 

1 

1 

X 

X 

X 

No Data Transfer 

1 

1 

X 

1 

X 

X 

No Data Transfer 

0 

X 

X 

X 

X 

X 

All Registers Cleared 

1 

1 

0 

0 

0 

0 

DAC A LS Input Register Loaded with DB7-DB0 (LSB) 

1 

1 

0 

0 

0 

1 

DAC A MS Input Register Loaded with DB3 (MSB)-DBO 

1 

1 

0 

0 

1 

0 

DAC B LS Input Register Loaded with DB7-DB0 (LSB) 

1 

1 

0 

0 

1 

1 

DAC B MS Input Register Loaded with DB3 (MSB)-DBO 

1 

0 

1 

0 

X 

X 

DAC A, DAC B Registers Updated Simultaneously from Input Registers 

1 

0 

0 

0 

X 

X 

DAC A, DAC B Registers are Transparent 

| X = Don’t care. j 
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DAC7801 (CONT) 

TIMING CHARACTERISTICS 

V DD = +5V, V REF A = V REF B = +1 OV, T a = -40°C to +85°C. 


PARAMETER 

MINIMUM 

ti — Address Valid to Write Setup Time 

10ns 

t 2 — Address Valid to Write Hold Time 

10ns 

t 3 — Data Setup Time 

30ns 

t 4 — Data Hold Time 

10ns 

t 5 — Chip Select or Update to Write Setup Time 

0ns 

t 6 — Chip Select or Update to Write Hold Time 

0ns 

t 7 — Write Pulse Width 

40ns 

t 8 — Clear Pulse Width 

40ns 



NOTES: (1) All input signal rise and fall times are measured from 10% to 90% of +5V. t R = t F = 5ns. (2) Timing measurement reference level is 
V.H+V|L 


2 
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Gain (dB) Crosstalk (dB) Output Leakage Current (A) 
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TYPICAL PERFORMANCE CURVES 

OUTPUT OP AMP IS OPA602. 

T a = +25°C, V DD = +5V. 



CHANNEL-TO-CHANNEL ISOLATION 




100k 

1M 

10M 

Ik 
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100k 

Frequency (Hz) 





Frequency (Hz) 



Ik 10k 100k 1 M 10M 

Frequency (Hz) 



Ik 10k 100k 1M 


Frequency (Hz) 
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DISCUSSION OF 
SPECIFICATIONS 

RELATIVE ACCURACY 

This term, also known as end point linearity or integral 
linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1LSB 
change in the output when the input code changes by 1LSB. 
A differential nonlinearity specification of 1LSB maximum 
guarantees monotonicity. 

GAIN ERROR 

Gain error is the difference between the full-scale DAC 
output and the ideal value. The ideal full scale output value 
for the DAC780X is -(4095/4096) Vref- Gain error may be 
adjusted to zero using external trims as shown in Figures 5 
and 7. 

OUTPUT LEAKAGE CURRENT 

The current which appears at I 0 ut a an d Ioutb with the DAC 
loaded with all zeros. 

OUTPUT CAPACITANCE 

The parasitic capacitance measured from I 0 ut a or Ioutb to 
AGND. 

CHANNEL-TO-CHANNEL ISOLATION 

The AC output error due to capacitive coupling from DAC A 
to DAC B or DAC B to DAC A. 

MULTIPLYING FEEDTHROUGH ERROR 

The AC output error due to capacitive coupling from V REF to 
I 0 ut with the DAC loaded with all zeros. 

OUTPUT CURRENT SETTLING TIME 

The time required for the output current to settle to within 
±0.01% of final value for a full scale step. 

DIGITAL-TO-ANALOG GLITCH ENERGY 

The integrated area of the glitch pulse measured in nano volt- 
seconds. The key contributor to digital-to-analog glitch is 
charge injected by digital logic switching transients. 

DIGITAL CROSSTALK 

Glitch impulse measured at the output of one DAC but 
caused by a full scale transition on the other DAC. The 
integrated area of the glitch pulse is measured in nanovolt- 
seconds. 

CIRCUIT DESCRIPTION 

Figure 1 shows a simplified schematic of one half of a 
DAC780X. The current from the Vref a pi n is switched 
between I OU t a an d AGND by 12 single-pole double-throw 
CMOS switches. This maintains a constant current in each leg 


of the ladder regardless of the input code. The input resistance 
at Vref i s therefore constant and can be driven by either a 
voltage or current, AC or DC, positive or negative polarity, 
and have a voltage range up to ±20V. 



FIGURE 1 . Simplified Circuit Diagram for DAC A. 


A CMOS switch transistor, included in series with the ladder 
terminating resistor and in series with the feedback resistor, 
Rfb A’ compensates for the temperature drift of the ON 
resistance of the ladder switches. 

Figure 2 shows an equivalent circuit for DAC A. Cqut is the 
output capacitance due to the N-channel switches and varies 
from about 30pF to 70pF with digital input code. The current 
source I LKG is the combination of surface and junction leak- 
ages to the substrate. I LKG approximately doubles every 10°C. 
R 0 is the equivalent output resistance of the D/A and it varies 
with input code. 



INSTALLATION 

ESD PROTECTION 

All digital inputs of the DAC780X incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, lOOpF and 150012). 
However, industry standard ESD protection methods should 
be used when handling or storing these components. When 
not in use, devices should be stored in conductive foam or 
rails. The foam or rails should be discharged to the destina- 
tion socket potential before devices are removed. 

POWER SUPPLY CONNECTIONS 

The DAC780X are designed to operate on V DD = +5V ±10%. 
For optimum performance and noise rejection, power supply 
decoupling capacitors C D should be added as shown in the 
application circuits. These capacitors (lpF tantalum recom- 
mended) should be located close to the D/A. AGND and 
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DGND should be connected together at one point only, 
preferably at the power supply ground point. Separate returns 
minimize current flow in low-level signal paths if properly 
connected. Output op amp analog common (+ input) should 
be connected as near to the AGND pins of the DAC780X as 
possible. 

WIRING PRECAUTIONS 

To minimize AC feedthrough when designing a PC board, 
care should be taken to minimize capacitive coupling be- 
tween the Vref lines and the I 0UT lines. Similarly, capacitive 
coupling between DACs may compromise the channel-to- 
channel isolation. Coupling from any of the digital control or 
data lines might degrade the glitch and digital crosstalk 
performance. Solder the DAC780X directly into the PC 
board without a socket. Sockets add parasitic capacitance 
(which can degrade AC performance). 

AMPLIFIER OFFSET VOLTAGE 

The output amplifier used with the DAC780X should have 
low input offset voltage to preserve the transfer function 
linearity. The voltage output of the amplifier has an error 
component which is the offset voltage of the op amp multi- 
plied by the “noise gain” of the circuit. This “noise gain” is 
equal to (R F /R 0 + 1) where R 0 is the output impedance of the 
D/A I oux terminal and R p is the feedback network imped- 
ance. The non-linearity occurs due to the output impedance 
varying with code. If the 0 code case is excluded (where R 0 
= infinity), the R 0 will vary from R to 3R providing a “noise 
gain” variation between 4/3 and 2. In addition, the variation 
of R 0 is non-linear with code, and the largest steps in R 0 
occur at major code transitions where the worst differential 
non-linearity is also likely to be experienced. The non- 
linearity seen at the amplifier output is 2V 0 s - 4V 0S /3 = 
2 Vqs/ 3 . Thus, to maintain good non-linearity the op amp 
offset should be much less than 1/2LSB. 

UNIPOLAR CONFIGURATION 

Figure 3 shows DAC780X in a typical unipolar (two-quad- 
rant) multiplying configuration. The analog output values 
versus digital input code are listed in Table II. The opera- 
tional amplifiers used in this circuit can be single amplifiers 
such as the OPA602, or a dual amplifier such as the OPA2107. 
Cl and C2 provide phase compensation to minimize settling 
time and overshoot when using a high speed operational 
amplifier. 

If an application requires the D/A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistors R2 and R4 
induce a positive gain error greater than worst-case initial 
negative gain error. Trim resistors R1 and R3 provide a 
variable negative gain error and have sufficient trim range to 
correct for the worst-case initial positive gain error plus the 
error produced by R2 and R4. 

BIPOLAR CONFIGURATION 

Figure 5 shows the DAC780X in a typical bipolar (four- 
quadrant) multiplying configuration. The analog output val- 
ues versus digital input code are listed in Table III. 


DATA INPUT 

ANALOG OUTPUT 

MSB i i LSB 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

-V REF (4095/4096) 

-V REF (2048/4096) = -1/2V REF 
-V REF (1/4096) 

0 Volts 


TABLE II. Unipolar Output Code. 



FIGURE 3. Unipolar Configuration. 
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FIGURE 4. Unipolar Configuration with Gain Trim. 


The operational amplifiers used in this circuit can be single 
amplifiers such as the OPA602, a dual amplifier such as the 
OPA2107, or a quad amplifier like the OPA404. Cl and C2 
provide phase compensation to minimize settling time and 
overshoot when using a high speed operational amplifier. 
The bipolar offset resistors R5-R7 and R8-R10 should be 
ratio-matched to 0.01% to ensure the specified gain error 
performance. 


BURRJBROWN® 

Burr-Brown IC Data Book — Data Conversion Products 


3.234 









Or, Cell Customer Service et 1-800-548-6132 ( USA Only) 


If an application requires the D/A to have zero gain error, the 
circuit shown in Figure 6 may be used. Resistors R2 and R4 
induce a positive gain error greater than worst-case initial 
negative gain error. Trim resistors R1 and R3 provide a 
variable negative gain error and have sufficient trim range to 
correct for the worst-case initial positive gain error plus the 
error produced by R2 and R4. 


DATA INPUT 

ANALOG OUTPUT 

MSB 4 4 LSB 

1111 1111 1111 

1000 0000 0001 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 

+V REF (2047/2048) 

+ V REF (1/2048) 

0 Volts 

-V REF (1/2048) 

— V REF (2048/2048) 


TABLE III. Bipolar Output Code. 


+5V 

V DD V REFA 


R 1 

20kQ 



FIGURE 5. Bipolar Configuration. 


APPLICATIONS 

12-BIT PLUS SIGN DACS 

For a bipolar DAC with 13 bits of resolution, two solutions 
are possible. As shown in Figure 7, the addition of a precision 
difference amplifier and a high speed JFET switch provides 
a 12-bit plus sign voltage-output DAC. When the switch 
selects the op amp output, the difference amplifier serves as 
a non-inverting output buffer. If the analog ground side of the 
switch is selected, the output of the difference amplifier is 
inverted. 

Another option, shown in Figure 8, also produces a 12-bit 
plus sign output without the additional switch and digital 
control line. 

DIGITALLY PROGRAMMABLE ACTIVE FILTER 

DAC780X are shown in Figure 9 in a digitally programmable 
active filter application. The design is based on the state- 
variable filter, Burr-Brown UAF42, an active filter topology 
that offers stable and repeatable filter characteristics. 


DAC 1 and D AC2 can be updated in parallel with a single word 
to set the center frequency of the filter. DAC 4, which makes 
use of the uncommitted op amp in UAF42, sets the Q of the 
filter. D AC3 sets the gain of the filter transfer function without 
changing the Q of the filter. The reverse is also true. 

The center frequency is determined by f c = 1/2 tcRC where R 
is the ladder resistance of the D/A (typical value, 10k£2) and 
C the internal capacitor value (lOOOpF) of the UAF42. Exter- 
nal capacitors can be added to lower the center frequency of 
the filter. But the highest center frequency for this circuit will 
be about 16kHz because the effective series resistance of the 
D/A cannot be less than lOkQ. 

Note that the ladder resistance of the D/A may vary from 
device to device. Thus, for best tracking, DAC2 and DAC3 
should be in the same package. Some calibration may be 
necessary from one filter to another. 
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FIGURE 6. Bipolar Configuration with Gain Trim. 



FIGURE 7. 12-Bit Plus Sign DAC. 
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FIGURE 8. 13-Bit Bipolar DAC. 



FIGURE 9. Digitally Programmable Universal Active Filter. 
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BURR - BROWr 

j ^ DAC8043 

# 

j^3E=s| 


CMOS 12-Bit Serial Input Mulitplying 
DIGITAL-TO-ANALOG CONVERTER 


APPLICATIONS 

• AUTOMATIC CALIBRATION 

• MOTION CONTROL 

• MICROPROCESSOR CONTROL SYSTEMS 

• PROGRAMMABLE AMPLIFIER/ 
ATTENUATORS 

• DIGITALLY CONTROLLED FILTERS 


FEATURES 

• 12-BIT ACCURACY IN 8-PIN MINI-DIP AND 
8-PIN SOIC 

• FAST 3-WIRE SERIAL INTERFACE 

• LOW INL AND DNL: ±1/2 LSB max 

• GAIN ACCURACY TO ±1 LSB max 

• LOW GAIN TEMPCO: 5ppm/°C max 

• OPERATES WITH +5V SUPPLY 

• TTL/CMOS COMPATIBLE 

• ESD PROTECTED 


DESCRIPTION 

The DAC8043 is a 12-bit current output multiplying 
digital-to-analog converter (DAC) that is packaged in a 
space saving surface mount 8-pin SOIC and an 8-pin 
Mini-DIP. Its 3 -wire serial interface saves additional 
circuit board space which results in low power dissipa- 
tion. When used with microprocessors having a serial 
port, the DAC8043 minimizes the digital noise 
feedthrough from its input to output. The serial port can 
be used as a dedicated analog bus and kept inactive 
while the DAC8043 is in use. Serial interfacing reduces 
the complexity of opto or transformer isolation applica- 
tions. 

The DAC8043 contains a 12-bit serial-in, parallel-out 
shift register, a 12-bit DAC register, a 12-bit CMOS 
DAC, and control logic. Serial input (SRI) data is 
clocked into the input register on the rising edge of the 
clock (CLK) pulse. When the new data word had been 
clocked in, it is loaded into the DAC register by taking 
the LD input low. Data in the DAC register is converted 
to an output current by the D/A converter. 


The DAC8043 operates from a single +5V power 
supply which makes the DAC 8043 an ideal low power, 
small size, high performance solution for several appli- 
cations. 
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SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS 

At V DD = +5V; V REF = +10V; l OUT = GND = OV; T A = Full Temperature Range specified under Absolute Maximum Ratings unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC8043P, U 

DAC8043PC, UC 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

STATIC PERFORMANCE 










Resolution 

N 


12 



12 



Bits 

Nonlinearity* 1 * 

INL 




±1 



±1/2 

LSB 

Differential Nonlinearity* 2 * 

DNL 




±1 



±1/2 

LSB 

Gain Error* 3 * 

FSE 

T a = +25°C 



±2 



±1 

LSB 



T a = Full Temp Range 



±2 



±2 

LSB 

Gain Tempco* 5 * 

tc fse 




±5 



±5 

ppm/°C 

Power Supply Rejection Ratio 

PSRR 

AV dd = ±5% 


±0.0006 

±0.002 


±0.0006 

±0.002 

%/% 

Output Leakage Current* 4 * 

^LKG 

T a = +25°C 



±5 



±5 

nA 



T a = Full Temp Range 



±100 



±25 

nA 

Zero Scale Error* 7 ' 12 * 


T a = +25°C 



0.03 



0.03 

LSB 



T a = Full Temp Range 



0.60 



0.15 

LSB | 

Input Resistance* 8 * 

R 1n 


7 

11 

15 

7 

11 

15 

k£2 I 

AC PERFORMANCE 









1 

Output Current Settling Time* 5 ' 6 * 

ts 

T a = +25°C 


0.25 

1 


0.25 

1 

ps 

Digital-to-Analog Glitch 


V REF = 0V 


2 

20 


2 

20 

nVs 

Energy* 5 ' 10 * 

Q 

O 

5 

b 

s. 

n 

i 










^EXT - t 3pF 








DAC Register Loaded Alternately with all Os and all Is 






Feedthrough Error* 511 * 

FT 

V REF = 20Vp-p at f = 10kHz 


0.7 

1 


0.7 

1 

mVp-p 

(Vref 1° Iout) 

Digital Input = 0000 0000 000C 










T a = +25°C 








Total Harmonic Distortion* 5 * 

THD 

Vref = 6V rms at 1 kHz 


-85 



-85 


dB 


DAC Register Loaded with all 1 

s 







Output Noise Voltage Density* 5 ' 13 * 

e N 

10Hz to 100kHz 



17 



17 

nVA/Tiz 



Between R FB and l OUT 








DIGITAL INPUTS 










Digital Input High 

V, H 


2.4 



2.4 



V 

Digital Input Low 

V IL 




0.8 



0.8 

V 

Input Leakage Current* 9 * 

l,L 

V IN = 0V to +5V 



±1 



±1 

pA 

Input Capacitance* 5 ' "* 

C IN 

< 

z 

II 

o 

< 



8 



8 

PF 

ANALOG OUTPUTS 










Output Capacitance* 5 * 

Gout 

Digital Inputs = V IH 



110 



110 

pF 



Digital Inputs = V IL 



80 



80 

PF 

TIMING CHARACTERISTICS* 5 - 14 * 










Data Setup Time 

Ids 

T a = Full Temperature Range 

40 



40 



ns 

Data Hold Time 

ton 

T a = Full Temperature Range 

80 



80 



ns 

Clock Pulse Width High 

tcH 

T a = Full Temperature Range 

90 



90 



ns 

Clock Pulse Width Low 

tcL 

T a = Full Temperature Range 

120 



120 



ns 

Load Pulse Width 

t|_D 

T a = Full Temperature Range 

120 



120 



ns 

LSB Clock into Input Register 










to Load DAC Register Time 

UsB 

T a = Full Temperature Range 

0 



0 



ns 

POWER SUPPLY 










Supply Voltage 

V DD 


4.75 

5 

5.25 

4.75 

5 

5.25 

V 

Supply Current 

Idd 

Digital Inputs = V 1H or V IL 



500 



500 

pA 



Digital Inputs = 0V or V DD 



100 



100 

pA 


NOTES: (1) ±1/2 LSB = ±0.012% of Full Scale. (2) All grades are monotonic to 12-bits over temperature. (3) Using internal feedback resistor. (4) Applies to l OUT ; All 
digital inputs = 0V. (5) Guaranteed by design and not tested. (6) l OUT Load = 100Q, C EXT = 13pF, digital input = OV to V DD or V DD to OV. Extrapolated to 1/2 LSB: 
t s = propagation delay (t P0 ) + 9x where x = measured time constant of the final RC decay. (7) V REF = +10V, all digital inputs = OV. (8) Absolute temperature coefficient 
is less than ±50ppm/°C. (9) Digital inputs are CMOS gates: l IN is typically InA at +25°C. (10) V REF = OV, all digital inputs = OV to V DD or V DD to OV. (11) All digital 
inputs = OV. (12) Calculated from worst case R ref : I zse (in LSBs) = (R ref X l LKG X 4096)/V REF . (13) Calculations from en = V4K TRB where: K = Boltzmann constant, 
J/°K, R = resistance, Q. T = Resistor temperature, °K, B = bandwidth, Hz. (14) Tested at V IN = OV or V DD . 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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ABSOLUTE MAXIMUM RATINGS 


V DD to GND 

0V, +7V 

V REF toGND 

+25V 

V RFB toGND 

+25V 


-0.3V to V DD 

Output Voltage (Pin 3) 

Operating Temperature Range 

-0.3 V to Vpp 

AD 

0°C to +70°C 

P, PC, U, UC 

-40°C to +85°C 

Junction Temperature 

+1 50°C 

Storage Temperature 

... . -65°C to + 150°C 

Lead Temperature (soldering, 10s) 

V 

+300° C 

U Package 

+100°C/W 

P Package 

a 

+96°C/W 

"c 

U Package 

+42°C/W 

P Package 

+37°C/W 


NOTE: (1 ) 0 JA is specified for worst case mounting conditions, i.e., 0 JA is specified 
for device in socket for PDIP packages. 


CAUTION: 1 . Do not apply voltages higher than V DD or less than GND potential 
on any terminal except V REF (Pin 1) and R FB (Pin 2). 2. The digital control inputs 
are ESD protected: however, permanent damage may occur on unprotected 
units from high-energy electrostatic fields. Keep units in conductive foam at all 
times until ready to use. 3. Use proper anti-static handling procedures. 4. 
Absolute Maximum Ratings apply to both packaged devices and DICE. Stresses 
above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. 


ORDERING INFORMATION 


MODEL 

INL 

TEMPERATURE RANGE 

PACKAGE 

DAC8043P 

1LSB 

— 40°C to +85°C 

8-pin Plastic DIP 

DAC8043PC 

1/2LSB 

— 40°C to +85°C 

8-pin Plastic DIP 

DAC8043U 

1LSB 

— 40°C to +85°C 

8-pin SOIC 

DAC8043UC 

1/2LSB 

-40°C to +85°C 

8-pin SOIC 


PACKAGING INFORMATIONS) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DAC8043P 

8-Pin PDIP 

006 

DAC8043PC 

8-Pin PDIP 

006 

DAC8043U 

8-Pin SOIC 

182 

DAC8043UC 

8-Pin SOIC 

182 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


PIN CONFIGURATION 


Top View 


8-Pin Plastic DIP 
8-Pin SOIC 

v ref f 1 1 





T| CLK 



~6~\ SRI 

GND |jT 


T]ld 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible to damage because very small 
parametric changes could cause the device not to meet 
published specifications. 

Digital Inputs: All digital inputs of the DAC8043 incorpo- 
rate on-chip ESD protection circuitry. This protection is 
designed and has been tested to withstand five 2500V 
positive and negative discharges (lOOpF in series with 1500Q) 
applied to each digital input. 

Analog Pins: Each analog pin has been tested to Burr- 
Brown’s analog ESD test consisting of five 1000V positive 
and negative discharges (lOOpF in series with 1500£2) ap- 
plied to each pin. V REF and R FB show some sensitivity. 



WRITE CYCLE TIMING DIAGRAM 


SRI ~) { MSBO. r ^H ( ! )f 61111 X t 



m DH » I 

2 |_| ’ U 11 U 

1 L 



Load Serial Data 

* ASB 


Into Input Register 

u 


)3 

m tLD » 


NOTE: (1) Data loaded MSB first. 


Load Input Register's 
Data Into DAC Register 
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WAFER TEST LIMITS 

At V DD = +5V; V REF = +10V; l OUT = GND = OV; T A = +25°C. 






DAC8043 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

STATIC ACCURACY 

Resolution 

N 


12 

Bits min 

Integral Nonlinearity 

INL 


±1 

LSB max 

Differential Nonlinearity 

DNL 


±1 

LSB max 

Gain Error 

Gfse 

Using Internal Feedback Resistor 

±2 

LSB max 

Power Supply Rejection Ratio 

PSRR 

AV dd = ±5% 

±0.002 

%/% max 

Output Leakage Current (l OUT ) 

Lkg 

Digital Inputs = V IL 

±5 

nA max 

REFERENCE INPUT 

Input Resistance 

R.N 


7/15 

k£2 min/max 

DIGITAL INPUTS 

Digital Input HIGH 

V|H 


2.4 

V min 

Digital Input LOW 

V IL 


0.8 

V max 

Input Leakage Current 

l,L 

V 1N = OV to V DD 

±1 

pA max 

POWER SUPPLY 

Supply Current 

Iqd 

Digital Inputs = V IH or V (L 

500 

jiA max 



Digital Inputs = OV to V DD 

100 

pA max 


NOTE: Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CURVES 

At V DD = +5V; V REF = +10V; l OUT = GND = OV; T A = Full Temperature Range specified under Absolute Maximum Ratings unless otherwise noted. 




2 4 6 8 10 Ik 10k 100k 1M 10M 

V REF (V) Frequency (Hz) 



0 1 2 3 4 


V, N (V) 


0 

-20 

-40 
\ -60 
-80 

-100 

-120 


TOTAL HARMONIC DISTORTION vs FREQUENCY 
(Multiplying Mode) 


V dd = + 5V | 
V, N = 6Vrms- 


100 1000 
Frequency (Hz) 


LINEARITY ERROR vs DIGITAL CODE 


1 

0.75 
. 0.5 

- 0.25 
0 

-0.25 

-0.5 

-0.75 

-1 


1 

T a = +25°C 







V R 

EF = +1C 

V 














*Ss| 




Ps 


ps 




nN* 


1 




























1024 2048 3072 

Digital Input Code (Decimal) 



2 4 6 8 10 

V REF (V) 
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DISCUSSION OF 
SPECIFICATIONS 

RELATIVE ACCURACY 

This term, also known as end point linearity or integral 
linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1LSB 
change in the output when the input code changes by 1LSB. 
A differential nonlinearity specification of 1LSB maximum 
guarantees monotonicity. 

GAIN ERROR 

Gain error is the difference between the full-scale DAC 
output and the ideal value. The ideal full scale output value 
for the DAC8043 is -(4095/4096)V REF . Gain error may be 
adjusted to zero using external trims as shown in Figure 4. 

OUTPUT LEAKAGE CURRENT 

The current which appears at Iqut with the DAC loaded with 
all zeros. 

OUTPUT CAPACITANCE 

The parasitic capacitance measured from I 0UT to GND. 

FEEDTHROUGH ERROR 

The AC output error due to capacitive coupling from V REF to 
I 0 ut with the DAC loaded with all zeros. 

OUTPUT CURRENT SETTLING TIME 

The time required for the output current to settle to within 
+0.01% of final value for a full scale step. 

DIGITAL-TO-ANALOG GLITCH ENERGY 

The integrated area of the glitch pulse measured in nanovolt- 
seconds. The key contributor to digital-to-analog glitch is 
charge injected by digital logic switching transients. 

CIRCUIT DESCRIPTION 

Figure 1 shows a simplified schematic of a DAC8043. The 
current from the V REF pin is switched between I oux and GND 
by 12 single-pole double-throw CMOS switches. This main- 



FIGURE 1. Simplified Circuit Diagram for the DAC. 


tains a constant current in each leg of the ladder regardless of 
the input code. The input resistance at V REF is therefore 
constant and can be driven by either a voltage or current, AC 
or DC, positive or negative polarity, and have a voltage range 
up to ±20V. 

A CMOS switch transistor, included in series with the ladder 
terminating resistor and in series with the feedback resistor, 
R fb , compensates for the temperature drift of the ON resis- 
tance of the ladder switches. 

Figure 2 shows an equivalent circuit for the DAC. C oux is the 
output capacitance due to the N-channel switches and varies 
from about 80pF to 1 lOpF with digital input code. The current 
source I LKG is the combination of surface and junction leak- 
ages to the substrate. I LKG approximately doubles every 10°C. 
R 0 is the equivalent output resistance of the D/A and it variesi 
with input code. I 


INSTALLATION 

ESD PROTECTION 

All digital inputs of the DAC8043 incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, lOOpF and 150012). 
However, industry standard ESD protection methods should 
be used when handling or storing these components. When 
not in use, devices should be stored in conductive foam or 
rails. The foam or rails should be discharged to the destina- 
tion socket potential before devices are removed. 

POWER SUPPLY CONNECTIONS 

The DAC8043 is designed to operate on V DD = +5V ±5%. 
For optimum performance and noise rejection, power supply 
decoupling capacitors C D should be added as shown in the 
application circuits. These capacitors (lpF tantalum recom- 
mended) should be located close to the D/A. Output op amp 
analog common (+ input) should be connected as near to the 
GND pins of the DAC8043 as possible. 

WIRING PRECAUTIONS 

To minimize AC feedthrough when designing a PC board, 
care should be taken to minimize capacitive coupling be- 
tween the V REF lines and the I oux lines. Coupling from any 
of the digital control or data lines might degrade the glitch 
performance. Solder the DAC8043 directly into the PC board 
without a socket. Sockets add parasitic capacitance (which 
can degrade AC performance). 
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AMPLIFIER OFFSET VOLTAGE 

The output amplifier used with the DAC8043 should have 
low input offset voltage to preserve the transfer function 
linearity. The voltage output of the amplifier has an error 
component which is the offset voltage of the op amp multi- 
plied by the “noise gain” of the circuit. This “noise gain” is 
equal to (R F /R 0 + 1) where R 0 is the output impedance of the 
D/A I 0 ut terminal and R F is the feedback network imped- 
ance. The non-linearity occurs due to the output impedance 
varying with code. If the 0 code case is excluded (where 
R 0 = infinity), the R 0 will vary from R to 3R providing a 
“noise gain” variation between 4/3 and 2. In addition, the 
variation of R 0 is non-linear with code, and the largest steps 
in R 0 occur at major code transitions where the worst 
differential non-linearity is also likely to be experienced. The 
non-linearity seen at the amplifier output is 
2 V os - 4V os /3 = 2 V os /3. 

Thus, to maintain good non-linearity the op amp offset 
should be much less than 1/2LSB. 


UNIPOLAR CONFIGURATION 

Figure 3 shows D AC 8043 in a typical unipolar (two-quad- 
rant) multiplying configuration. The analog output values 


DATA INPUT 

ANALOG OUTPUT 

MSB i i LSB 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

-V REF (4095/4096) 

-V REF (2048/4096) = -1/2V REF 
-V REF (1/4096) 

0 Volts 


TABLE I. Unipolar Output Code. 



FIGURE 3. Unipolar Configuration. 


versus digital input code are listed in Table I. The operational 
amplifiers used in this circuit can be single amplifiers such as 
the OPA602, or a dual amplifier such as the OPA2107. Cl 
provides phase compensation to minimize settling time and 
overshoot when using a high speed operational amplifier. 

If an application requires the D/A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistor R2 induces 
a positive gain error greater than worst-case initial negative 
gain error. Trim resistor R1 provides a variable negative gain 
error and have sufficient trim range to correct for the worst- 
case initial positive gain error plus the error produced by R2. 

BIPOLAR CONFIGURATION 

Figure 5 shows the DAC8043 in a typical bipolar (four- 
quadrant) multiplying configuration. The analog output val- 
ues versus digital input code are listed in Table II. 

The operational amplifiers used in this circuit can be single 
amplifiers such as the OPA602 or a dual amplifier such as 
the OPA2107. Cl provides phase compensation to minimize 
settling time and overshoot when using a high speed opera- 
tional amplifier. The bipolar offset resistors R1-R2 should 
be ratio-matched to 0.01% to ensure the specified gain error 
performance. 


DATA INPUT 

ANALOG OUTPUT 

MSB i 1 LSB 

1111 1111 1111 

1000 0000 0001 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 

+V REF (2047/2048) 

+V REF (1/2048) 

0 Volts 

-V REF (1/2048) 

-V REF (2048/2048) 


TABLE II. Bipolar Output Code. 



FIGURE 4. Unipolar Configuration with Gain Trim. 
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BURR - BROWN® 



DSP201 

3 

DSP202 


DSP-Compatible Single/Dual 
DIGITAL-TO-ANALOG CONVERTERS 


FEATURES 

• ZERO-CHIP INTERFACE TO DSP ICs: 

AD, AT&T, MOTOROLA, Tl 

• SINGLE CHANNEL: DSP201 

• DUAL CHANNEL: DSP202 

Two Serial Inputs or Cascade from Single 
32-Bit Word 

• UPDATE RATE TO 500kHz 

• DYNAMIC SPECIFICATIONS: 

Signal/(Noise + Distortion) = 90dB; 

THD = -92dB 

• USER SELECTABLE 16-BIT OR 18-BIT 
DATA WORDS 


Convert Command 


Select Sync Format 


Select Word Length (16/18) 


Channel A Data In 


Channel B Data In 


DESCRIPTION 

The DSP201 and DSP202 are high performance digi- 
tal-to-analog converters designed for simplicity of use 
with modem digital signal processing ICs. Both are 
complete with all interface logic for use directly with 
DSP ICs, and provide analog output voltages updated 
at up to 500kHz. 

The DSP201 offers a single complete voltage output 
channel, accepting either 16 bits or 18 bits of input 
data, and can be driven by 16-bit, 24-bit, or 32-bit 
serial ports. The DSP202 offers two complete voltage 
output channels, with either two separate input ports, 
or a mode to drive both output channels from a single 
32-bit word. 

Both the DSP201 and DSP202 are packaged in stan- 
dard, low-cost 28-pin plastic DIP packages. Each is 
offered in two performance grades to match applica- 
tion requirements. 
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SPECIFICATIONS 


ELECTRICAL 

T a = 0°C to 70°C, Output Update Frequency, f s , = 400kHz, V A + = V D + = +5V, V A - = V D - = -5V, unless otherwise specified. 





DSP201JP 



DSP201KP 






DSP202JP 



DSP202KP 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




18 



* 

Bits 

DYNAMIC RANGE 



108 





dB 

ANALOG OUTPUT 

Voltage Range 

R l = 3750 


±3 


* 



V 

Impedance 



0.1 



* 


Q 

Current 

R u = 3750 


±8 



* 


mA 

Slew Rate 

R L = 1.5kO, C L = lOOpF 


15 



* 


V/ps 

Settling Time to 0.006% 

R l = 1.5kO, C L = lOOpF 


2.5 



* 


ps 

for Full-Scale Step 









THROUGHPUT SPEED 6) 

Update Rate 

CASC = LOW on DSP202 

500 



* 



kHz 

DSP202 in Cascade Mode 

CASC = HIGH 

300 






kHz 

AC ACCURACY (2 - 3) 

Signal to (Noise + Distortion) Ratio 

W = 1 kHz 

82 

86 


88 

90 


dB' 4 ) 


f OUT = 1kHz (-60dB) 


30 



32 


dB 


f OUT = 1°kHz 

80 

86 


86 

90 


dB 

Total Harmonic Distortion 

four = 1kHz 


-90 

-85 


-92 

-88 

dB 

Channel Separation 

f 0UT = 1kHz to 100kHz 


105 



* 


dB 

on DSP202 









DC ACCURACY 

Integral Nonlinearity Error 



±0.006 



±0.004 


% 

Differential Nonlinearity Error 



±0.006 



±0.004 


% 

Bipolar Zero Error (5) 



±10 



* 


mV 

Bipolar Zero Error Drift 



20 



* 


ppm FSR/°C 

Bipolar Zero Mismatch (5) 

DSP202 Channels 


5 



* 


mV 

Gain Error 



1 

3 


* 

* 

% 

Gain Error Drift 



100 



* 


ppm/°C 

Gain Error Mismatch 

DSP202 Channels 


1 

3 


* 

* 

% 

Digital Feedthrough 

ENABLE = HIGH 


-105 



* 


dB 

Power Supply Sensitivity 

-5.1 < V A -, V D - < -4.9 


-60 



* 


dB 


+4.9 <V A +, V D + < +5.1 


-60 



* 


dB 

DIGITAL INPUTS 









Format 



Serial; MSB first; 16/18-bit and Cascaded 



Coding 




Binary Twos Complement 



Logic Levels 









v 1L 

l IL = ±1 OpA 

0 


+0.8 

* 


* 

V 

V |H 

Data Transfer Clock 

l, H = ±10pA 

+2.4 


+5 




V 

Frequency 




12 

* 


* 

MHz 

Duty Cycle 


40 

50 

60 

* 

* 

* 

% 

DIGITAL OUTPUTS 









V OL 

l 0L = 4mA 

0 


+0.4 

* 


* 

V 

V 0 H 

Iqh = 4mA 

+2.4 


+5 

* 


* 

V 

POWER SUPPLIES 

Rated Voltage 









V 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

V 


-5.25 

-5 

-4.75 

* 

* 

* 

V 

V 


+4.75 

+5 

+5.25 

* 

* 

* 

V 

Vo- 

Current 


-5.25 

-5 

-4.75 




V 

'a+ 



18 



* 


mA 

l A - 



17 



* 


mA 

'd + 



13 



* 


mA 

Ip- 



25 



* 


mA 

Power Consumption 



365 

450 


* 

* 

mW 

TEMPERATURE RANGE 

Specification 


0 


+70 

* 


* 


Storage 


-40 


+125 






NOTES: (1) The data transfer clock must be at least 24 times the update rate for the standard mode, and 40 times the update rate in the DSP202 Cascade Mode. 
(2) All dynamic specifications are based on 2048-point FFTs. (3) Data for the 1 kHz test is bandlimited to 0 to 20kHz. Data for the 10kHz test is bandlimited to 0 to 
40kHz. (4) All specifications in dB are referred to a full-scale output, ±3Vp-p. (5) Adjustable to zero with external potentiometer. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C; Update Frequency, f s = 400kHz; V A + = V D + = +5V; V A - = V D - = 5V; SWL = HIGH; 

CASC = LOW; Output Bandwidth Limited to 20kHz; unless otherwise noted. 


DYNAMIC PERFORMANCE vs TEMPERATURE 



Ambient Temperature (°C) 


SIGNAL-TO-(NOISE + DISTORTION) RATIO 
vs TEMPERATURE AND AMPLITUDE 



Ambient Temperature (°C) 



Output Frequency (kHz) 


SIGNAL-TO-(NOISE + DISTORTION) 
vs OUTPUT UPDATE RATE 



INTEGRAL AND DIFFERENTIAL LINEARITY ERROR 
vs TEMPERATURE (For Worst-Case Codes.) 



Ambient Temperature (°C) 



Ambient Temperature (°C) 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C; Update Frequency, f s = 400kHz; V A + = V D + = +5V; V A - = V D - = 5V; SWL = HIGH; CASC = LOW; 

Output Bandwidth Limited to 20kHz; unless otherwise noted. 



01 23456 7 89 10 


POWER SUPPLY REJECTION vs 



0.1 1 10 100 


Settling Time (ps) 


Supply Ripple Frequency (kHz) 


INTERMODULATION DISTORTION vs TEMPERATURE 



-50 -25 0 25 50 75 100 


Ambient Temperature (°C) 


PACKAGE INFORMATIONS) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DSP201JP 

28-Pin Plastic DIP 

215 

DSP201KP 

28-Pin Plastic DIP 

215 

DSP202JP 

28-Pin Plastic DIP 

215 

DSP202KP 

28-Pin Plastic DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

The DSP201 and DSP202 are ESD (electrostatic discharge) 
sensitive devices, and normal standard precautions should be 
taken. Permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. When not in use, 
devices must be stored in conductive foam or shunts. The 
protective foam should be discharged to the destination socket 
before devices are removed. 


ABSOLUTE MAXIMUM RATINGS 


V A + to Analog Common +7V 

V A - to Analog Common -7V 

V D + to Digital Common +7V 

V D - to Digital Common -7V 

Analog Common to Digital Common ±1V 

Control Inputs to Digital Common -0.5 to V D + 0.5V 

Maximum Junction Temperature 150°C 

Internal Power Dissipation 825mW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, 0 JA : Plastic DIP 50°C/W 


ORDERING INFORMATION 


MODEL 

NUMBER 

OF 

CHANNELS 

SIGNAL-TO- 
(NOISE + DIST.) 
RATIO, dB min 

DSP201JP 

1 

82 

DSP201KP 

1 

88 

DSP202JP 

2 

82 

DSP202KP 

2 

88 
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DSP201 PIN CONFIGURATION DSP201 PIN ASSIGNMENTS 


PIN# 

NAME 

DESCRIPTION 

1 

V- 

-5V Analog Power. 

2 


No Internal Connection. 

3 


No Internal Connection. 

4 

AGND 

Analog Ground. 

5 


No Internal Connection. 

6 

V 

+5V Digital Power. 

7 

V 

+5V Digital Power. 

8 

RESET 

Reset. If LOW, DAC output will be 0V after two 
convert commands, and will remain there as long 
as the Reset input is LOW. If HIGH, normal 
operation proceeds. Two convert commands are 
required after Reset goes from LOW to HIGH 
before the output will relate to the input word. 

9 

SSF 

Select Sync Format In. Tie HIGH for use with 
Motorola and Tl DSP ICs. Tie LOW for use with 
AT&T DSP ICs. 

10 

SWL 

Select Word Length In. If HIGH, DSP201 accepts 
first 16 bits of data. If LOW, DSP201 accepts first 1 
18 bits of data. 1 

11 

SYNC 

Data Synchronization Output. Active HIGH when 1 
SSF is HIGH, active LOW when SSF is LOW. 

12 

XCLK 

Data Transfer Clock Input. 

13 

SIN 

Serial Data In. MSB first, Binary Two’s Comple- 
ment format. 

14 


No Internal Connection. 

15 

CONV 

Convert Command In. DAC is updated on falling 
edge, and initiates clocking new data in. 

16 

DGND 

Digital Ground. 

17 

ENABLE 

Latch Enable In. If LOW, DAC output will be 
latched with new data word on falling edge of 
Convert Command. If HIGH, Convert Commands 
will be ignored. 

18 

DGND 

Digital Ground. 

19 

DGND 

Digital Ground. 

20 

V 

-5V Digital Power. 

21 

VOUT 

Voltage Out. 

22 

AGND 

Analog Ground. 

23 

VOS 

VOS Adjust In. 

24 

MSB 

MSB Adjust In. 

25 

VPOT 

Trim Reference Out for MSB adjustment. 

26 

V A+ 

+5V Analog Power. 

27 

DGND 

Digital Ground. 

28 

AGND 

Analog Ground. 




o 




V A - 

_L 


m 

AGND 


m 


m 

DGND 


m 


0 

v A + 

AGND 

? 


- 

VPOT 


I 


J. 

MSB 

V D+ 

T 


23 

VOS 

v D + 

I 

DSP201 

22 

AGND 

RESET 

a 


* 

VOUT 

SSF 

I 


20 

v D - 

SWL 

,0 



DGND 

SYNC 

Ji 



DGND 

XCLK 

Lii 


JlJ 

ENABLE 

SIN 

£ 



DGND 




«] 

CONV 
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DSP202 PIN CONFIGURATION 


V A - 

MSBB 

VOSB 

AGNDB 

VOUTB 

V D+ 

V D+ 

RESET 

SSF 

SWL 

SYNC 

XCLK 

SINA 

SINB 




■ 

m 

m 


m 

H 



d 


i 

m 


l 

B 


Bl 

B 

DSP202 


d 


I 

n 



d 


m 

B 


d 

s 


B 

m 


B 

d 




AGND 

DGND 

V A + 

VPOT 

MSBA 

VOSA 

AGNDA 

VOUTA 

v D - 

DGND 

DGND 

ENABLE 

CASC 

CONV 


DSP202 PIN ASSIGNMENTS 


PIN# 

NAME 

DESCRIPTION 

1 

V 

-5V Analog Power. 

2 

MSBB 

Channel B MSB Adjust In. 

3 

VOSB 

Channel B VOS Adjust In. 

4 

AGNDB 

Channel B Analog Ground. 

5 

VOUTB 

Channel B Voltage Out. 

6 

V 

+5V Digital Power. 

7 

V 

+5V Digital Power. 

8 

RESET 

Reset. If LOW, DAC output will be 0V after two 
Convert Commands, and will remain there as long 
as the Reset input is LOW. If HIGH, normal 
operation proceeds. Two Convert Commands are 
required after Reset goes from LOW to HIGH 
before the output will relate to the input word. 

9 

SSF 

Select Sync Format In. Tie HIGH for use with 
Motorola and Tl DSP ICs. Tie LOW for use with 
AT&T DSP ICs. 

10 

SWL 

Select Word Length In. If HIGH, DSP202 accepts 
first 16 bits of data. If LOW, DSP202 accepts first 

18 bits of data. Must be HIGH if CASC is HIGH. 

11 

SYNC 

Data Synchronization Output. Active HIGH when 
SSF is HIGH, active LOW when SSF is LOW. 

12 

XCLK 

Data Transfer Clock Input. 

13 

SINA 

Channel A Serial Data In. MSB first, Binary Two’s 
Complement format. In Cascade Mode, connect to 
SINB and to DSP IC output. 

14 

SINB 

Channel B Serial Data In. MSB first, Binary Two’s 
Complement format. In Cascade Mode, connect to 
SINA and to DSP IC output. 

15 

CONV 

Convert Command In. DAC is updated on falling 
edge, and initiates clocking new data in. 

16 

CASC 

Select Cascade Mode In. If HIGH, DSP202 
accepts a 32-bit word, and uses the first 1 6 bits to 
update channel A, and the second 1 6 bits to 
update channel B. In Cascade Mode, SINA and 
SINB are connected together. If CASC is LOW, 
data is strobed into both channels on each clock 
cycle. 

17 

ENABLE 

Latch Enable In. If LOW, DAC output will be 
latched with new data word on falling edge of 
Convert Command. If HIGH, Convert Commands 
will be ignored. 

18 

DGND 

Digital Ground. 

19 

DGND 

Digital Ground. 

20 

V 

-5V Digital Power. 

21 

VOUTA 

Channel A Voltage Out. 

22 

AGNDA 

Channel A Analog Ground. 

23 

VOSA 

Channel A VOS Adjust In. 

24 

MSBA 

Channel A MSB Adjust In. 

25 

VPOT 

Trim Reference Out for MSB adjustments. 

26 

v A + 

+5V Analog Power. 

27 

DGND 

Digital Ground. 

28 

AGND 

Analog Ground. 
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THEORY OF OPERATION 

The DSP201 and DSP202 are basic voltage output digital- 
to-analog converters with complete logic interface circuitry 
for ease of use with standard digital signal processing ICs. 
Data words are transmitted from the DSP IC on its serial 
port, leaving the DSP IC parallel ports free for digital 
communication. 

The DSP201 and DSP202 are pipelined internally. When the 
user gives a convert command at time t, two actions are 
initiated. First, the data stored in the internal shift registers 
following the previous convert command (at t - 1) is used to 
update the output D/A converters immediately. Second, the 
DSP201 or DSP202 transmits a synchronization pulse to the 
DSP IC and starts clocking new data into the shift register 
using the system Bit Clock. This data is then used to update 
the D/As when the t + 1 convert command is received. 

Both the DSP201 and DSP202 are 18-bit D/As internally. 
On-chip logic can be programmed to use 18-bits of data to 
update the D/A outputs, or can be programmed to update the 
D/A based on 16-bit data words. Additionally, the logic in 
the DSP202 can accept a 32-bit data word (the Cascade 
Mode), and update both D/A channels simultaneously with 
16 bits each. All of these modes can be hard- wired or logic- 
controlled externally, so that no extra overhead on the part 
of the DSP IC is required. 

In the 16-bit modes, the DSP201 and DSP202 will append 
zeros to the 16-bits transferred to each of the internal D/As, 
which are full 18-bit converters. The 18-bit word-length 
mode can be used with DSP ICs programmed for either 24- 
bit or 32-bit output words, in which case the DSP201 or 
DSP202 will clock in the first 18-bits of data after the 
synchronization pulse, and ignore additional information on 
the serial line. When programmed to accept 16-bit words, 
the DSP201 and DSP202 can be used with DSP ICs pro- 
grammed to output 16-, 24-, or 32-bit words, and will ignore 
additional information after the first 16 bits on the serial line. 

The DSP201 and DSP202 are complete voltage output D/A 
converters, with on-chip references and output amplifiers to 
drive ±3V into 37 5 Q, loads. State-of-the-art bipolar tech- 
nologies are used in the D/A section to maximize the output 
update rate, to maximize dynamic performance, and to 
eliminate glitch problems. Advanced plastic packaging meth- 
ods makes this performance attainable economically. 


BASIC OPERATION 

DATA FORMAT AND OUTPUT LEVELS 

The DSP201 and DSP202 accept serial data, MSB first, in 
standard Binary Two’s Complement format. The length of 
the data words can be selected as shown below, and the 
D/A output level generated by a specific input code is shown 
in Table I. 

As with all standard D/As, the output ranges from negative 
full scale (-3V) to 1 LSB below positive full scale (+3V - 
1LSB). The bipolar output amplifiers are designed to drive 
375Q loads at full speed and accuracy. 

UPDATING THE OUTPUT 

With ENABLE (pin 17) LOW, the falling edge of a Convert! 
Command arriving on CONV (pin 15) will immediately! 
update the D/A outputs with the data stored in the internal 
shift registers following the previous Convert Command. 
The Convert Command can be asynchronous to any other 
signals or clocks without reducing accuracy, although sys- 
tem accuracy is often enhanced by synchronizing digital 
signals. 

For a full-scale change in the input code, the output will 
typically settle to within ±0.006% of its final level within 
2.5jis. The slew rate of the output amplifier is typically 15V/ 
ps, for a full power bandwidth close to 800kHz. All of the 
specifications and typical performance curves are achieved 
with a full 400kHz update rate, unless otherwise specified. 
The DSP201 and DSP202 are guaranteed operational to a 
full 500kHz update rate, which exceeds the maximum Bit 
Clock rate for most standard DSP ICs. 

DATA TRANSFER 

Data is transmitted serially to the DSP201 or DSP202, and 
is clocked into the internal shift registers on the rising edge 
of the external Data Transfer Clock or Bit Clock (XCLK 
input on pin 12.) This clock can be as fast as 12MHz. The 
Data Transfer Clock can tolerate duty cycles from 40% to 
60%. 

As indicated in the timing diagrams in Figure 1, either 16- 
or 18-bits of data will be clocked into the DSP201 or 
DSP202, or 32-bits will be clocked into the DSP202 in the 


INPUT CODE 

OUTPUT VOLTAGE 


16-BIT MODE AND 

HEX 

16-BIT MODE AND 


BINARY 

DSP202 CASCADE MODE 

18-BIT MODE 

DSP202 CASCADE MODE 

18-BIT MODE 

0111. ..1111 

7FFF 

1FFFF 

+2. 999908V 

2.999977V 

0000... 0000 

0000 

00000 

OV 

0V 

1111. ..1111 

FFFF 

3FFFF 

-92*lV 

-23|xV 

1000.. .0000 

8000 

20000 

-3.000000V 

-3.000000V 

Theoretical LSB Size 

91.6|xV 

22.9nV 


TABLE I. Output Voltage vs Input Code. 
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DSP202 Cascade Mode (CASC = HIGH) 



Channel A Data - — *4* Channel B Data A 


INTERVAL 

DESCRIPTION 

MIN 

MAX 

UNITS 

t, 

XCLK period; Duty Cycle 50% ±10% 

83 


ns 

t. 

Convert Command LOW Time 

50 


ns 

is 

Convert Period (CASC = LOW on DSP202) 

24 


t, 

t 4 

Convert Period (CASC = HIGH on DSP202 

40 


t, 

t 5 

SYNC Active Delay after Convert Falling Edge) 

t, +40 

2 t, 

ns 

t 6 

SYNC LOW to HIGH Delay from XCLK Rising; C L = 50pF 


15 

ns 

t 7 

SYNC HIGH to LOW Delay from XCLK Rising; C, = 50pF 


15 

ns 

t 8 

ENABLE Setup before Convert Falling Edge (1) 

50 


ns 

*9 

ENABLE Hold after Convert Failing Edge (1) 

50 


ns 

ts 

RESET Setup before Convert Falling Edge 

50 


ns 

t 10 

SINA/B Data Setup before XCLK Rising 

20 


ns 

t„ 

SINA/B Data Hold after XCLK Rising 


0 

ns 


NOTES: (1 ) Norm ally tied LOW so that previously transmitted data is used to update DAC output on falling edge of 
CONV. ENABLE HIGH preven ts the DA C from being updated. (2) RESET must be held LOW for two complete 
Convert Command cycles, and ENABLE must be LOW. (3) Optional data bits. Clocked into DAC register only if SWL 
is LOW. 
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Cascade Mode, but internal digital overhead requires addi- 
tional Data Transfer Clock cycles before a new Convert 
Command can be sent. The minimum time between Convert 
Commands is 24 times the Data Transfer Clock period for 
either the DSP201 or the DSP202 in standard modes, and 40 
times the Data Transfer clock period for the DSP202 in the 
Cascade Mode. There is no maximum time between Convert 
Commands. 

These additional clock cycles are used to set up the internal 
shift registers and logic, and are included in the specifica- 
tions for maximum update rate. This means a 12MHz Bit 
Clock can achieve the maximum specified update rate of 
500kHz. 

DATA SYNCHRONIZATION 

The DSP201 and DSP202 have internal logic to generate a 
synchronization pulse (SYNC on pin 11) to signal the host 
processor to transmit data. The synchronization pulse is sent 
when a Convert Command is received, and the SYNC output 
changes on the rising edge of XCLK. Timing is shown in 
Figure 1. 

The synchronization pulse can be programmed to be either 
active High or active Low, depending on the logic level 
input on SSF (Select Sync Format on pin 9.) If SSF is LOW, 
SYNC will be normally HIGH, and will transmit a LOW 
pulse after a Convert Command is received. If SSF is HIGH, 
SYNC will be normally LOW, and will transmit a HIGH 
pulse after a Convert Command is received. The SYNC 
pulse will be as wide as one clock cycle on the Data Transfer 
Clock input on XCLK (pin 12.) 

SELECTING WORD LENGTH 

If the Select Word Length input (SWL, pin 10) is HIGH, the 
DSP201 or DSP202 will accept 16 bits of data after a Convert 
Command, with the timing shown in Figure 1. After these 16 
bits, additional data on SIN (DSP201 pin 13) or SINA and 
SINB (DSP202 pins 13 and 14) will be ignored. Transparent 
to the user, the internal shift register will append two zeroes 
to the 16-bit data words before updating the D/As on the next 
Convert Command. 

If SWL is LOW, the DSP201 or DSP202 will clock 18 bits 
of data into the internal shift register after a Convert Com- 
mand, with the timing shown in Figure 1 . Subsequent data 
on SIN (DSP201 pin 13) or SINA and SINB (DSP202 pins 
13 and 14) will be ignored. 

In the 16-bit mode, an increment of 1 LSB will change the 
D/A output by approximately 91.6pV (the 6V full scale 
range divided by 2 16 ), while an LSB in the 18-bit mode will 
change the output approximately 22.9|4V (6V/2 18 ). 

The DSP201 and DSP202 analog performance is tested in 
production using the 16-bit mode (with SWL HIGH), and 
the typical performance curves were generated using the 16- 
bit mode. Verification is made during final test that the 18- 
bit mode functions, but the extra resolution of these last two 
bits is not used when testing the analog performance. 


DSP202 CASCADE MODE 

If CASC on the DSP202 (pin 16) is HIGH, the Cascade 
Mode is implemented. In this mode, SINA (pin 13) and 
SINB (pin 14) are strapped together and connected to the 
serial output port of an appropriate DSP IC or other data 
word source. A Convert Command initiates the transfer of a 
32-bit word to the DSP202. 

In the Cascade Mode, care must be taken to make sure SWL 
(pin 10) is HIGH. 


LATCH ENABLE 


If ENABLE (pin 17) is LOW, the D/A outputs will be 
latched with new data on th e falling edge of the Convert 
Command. Taking ENABLE HIGH causes the DSP201 or 
DSP202 to ignore Convert Commands. With ENABLE 
HIGH when a Convert Command arrives at time t, dati 
latched in the internal shift register after the Convert Com- 1 
mand at t - 1 is not latched to the D/As, but a new 
synchronization pulse is still generated and the data in the 
shift register is overwritten. This feature allows multiple 
DSP201s or DSP202s to share a single DSP IC and still be 
independently updated. 


RESET 

Taking RESET (pin 8) LOW will cause the D/As to output 
0V after two Convert Commands are received. The two 
Convert Commands clear out the internal shift registers, and 
data input on the serial input lines will be ignored while 
RESET is low. This facilitates designing an analog output 
system that goes into a known, benign state either at power- 
up, after fault conditions or during a calibration cycle. 
ENABLE (pin 17) must be LOW when resetting the DSP201 
or DSP202 outputs to 0V. 

After RESET is taken HIGH, two Convert Commands are 
required b efore the output will relate to the input data. Also, 
ENABLE must be LOW for the data to be latched to the D/As. 
The first Convert Command again latches the outputs at 0V, 
and the second Convert Command drives the output to the 
level determined by the data clocked in after the first Convert 
Command. 

A RESET command after power up is not required for proper 
operation of the DSP201 or DSP202. 


LAYOUT CONSIDERATIONS 

Because of the high resolution, linearity and speed of the 
DSP201 and DSP202, system design problems such as 
ground path resistance, contact resistance and power supply 
quality become very important. 


GROUNDS 

To achieve the maximum performance from the DSP201 or 
DSP202, care should be taken to minimize the effect of 
current flows in the system grounds that may corrupt the 
output voltages generated by the D/As. Pin 22 on the 
DSP201 and pins 4 and 22 on the DSP202 are the most 
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critical internal grounds, and care should be taken especially 
at these points to make them as close as possible to the same 
potential as the system analog ground. The design of the 
DSP201 and DSP202 insures that these pins will have 
minimal current flowing through them. 

Internally, power currents are directed to the digital grounds 
(pins 18, 19, and 27) for internal digital currents, which are 
primarily switching currents, and to the analog grounds (pin 
28, plus pin 4 on the DSP201) for analog currents, which are 
primarily from the internal current switches and the output 
amplifier. Pin 16 on the DSP201 is used internally as a logic 
level, and injects essentially no current into the ground. 

Wherever possible, it is strongly recommended that separate 
analog and digital ground planes be used. With an LSB level 
of 92pV in 16-bit modes, and one quarter of that in 18-bit 
modes, the currents switched in a typical DSP system 
(processor, memory, etc.) can easily corrupt the output 
accuracy of the D/A’s unless great care is taken to analyze 
and design for current flows. 

POWER SUPPLY DECOUPLING 

All of the supplies should be decoupled to the appropriate 
grounds using tantalum capacitors in parallel with ceramic 
capacitors, as shown in Figures 2 and 3. For optimum 
performance of any high resolution D/A, all of the supplies 
need to be as clean as possible. If separate digital and analog 
supplies are available in a system, care should be taken to 
insure that the difference between the analog and the digital 
supplies is not more than 0.5V for more than a few hundred 
milliseconds, as may occur at power-on. 

Separate -5V analog and digital supplies are not needed. 
These pins are kept separate internally to minimize cou- 
pling. Drive pin 20 from the -5V analog supply, and make 
sure that the decoupling shown in Figure 2 or 3 are placed 
as close as possible to the D/As. 

CALIBRATION AND ADJUSTMENT 
OPTIONAL EXTERNAL OFFSET AND MSB TRIMS 

All of the specifications for the DSP201 and DSP202, plus 
the typical performance curves, are based on the perfor- 
mance of these D/As without external trims. In most appli- 
cations, external trims are not required. 

If external trims are not used, pins 23, 24, and 25 on the 
DSP201 should be left open, as should pins 2, 3, 23, 24 and 
25 on the DSP202. These pins should not be decoupled with 
capacitors or tied to any specific potential, or the noise on 
the D/A outputs may increase. 

ADJUSTING OFFSET 

Where required by specific applications, offsets can be 
trimmed using the circuits in Figure 2 (DSP201) or Figure 3 
(DSP202.) As with all standard D/As, offset on the DSP201 
and DSP202 means the difference of the output from the 
ideal negative full scale value. The DSP201 and DSP202 use 


a current switching D/A architecture, and the current from 
this is internally amplified to produce a ±3V output range. 
Negative full scale output thus results from having all of the 
internal current switches turned off. Offset on the DSP201 
and DSP202 should not be confused with the delta from 0V 
with an input code of 0000... 0000 (0000 hex for 16-bit 
Modes, 00000 hex for 18-bit Modes). This is often described 
as bipolar zero error, and includes the effects of both offset 
and gain error. 

To trim the offsets, first latch the D/As with 1000.. .0000 
(8000 hex or 20000 hex). Then adjust the offset adjustment 
pots to produce an output of -3.000000V. 

ADJUSTING THE MSB WEIGHT 

The MSB adjustment circuitry shown in Figure 2 for the 
DSP201 and in Figure 4 for the DSP202 basically change the 
weight of the MSB by adding to or subtracting from the 
current controlled by the internal MSB switch. 

Depending on the application, the MSB adjustments can be 
made in one of three different ways to optimize the system 
performance using the DSP201 or DSP202. For dynamic 
performance, the MSB can be adjusted to minimize distor- 
tion of either a full-scale or low level sine-wave output. For 
applications stressing differential linearity, the 0000... 0000 
(0000 hex or 00000 hex) to 1000...0000 (FFFF hex or 3FFFF 
hex) transition can be trimmed to change the output of the 
D/As precisely 1 LSB (92pV in the 16-bit Mode or 23pV 
in the 18-bit Mode.) 

To adjust for minimum distortion of full-scale sinewaves, 
strobe the inputs to the DSP201 or DSP202 with codes 
representing ideal full scale sine waves, then trim the MSB 
adjustment circuit to minimize distortion, as measured by 
either a distortion analyzer or by digitizing the output with 
an appropriate A/D and running FFT analyses. 

In many audio applications, it is more appropriate to adjust 
for minimum distortion with low level sine wave outputs. 
This minimizes zero-crossover error, which can be a con- 
cern in high-end audio systems. To do this, strobe the inputs 
to the DSP201 or DSP202 with codes representing ideal 
low-level sine waves (-60dB from full scale works well), 
and then trim the MSB adjustment circuit to minimize 
distortion, again using a distortion analyzer or FFT analyses 
to check the results of the trims. 

The MSB adjustment circuits can also be used to trim the 
D/A outputs directly for the transition from 0000. . .0000 (0000 
hex or 00000 hex) to 1 1 1 1 ... 1 1 1 1 (FFFF hex or 3FFFF hex), 
eliminating differential linearity error at the major carry. 
Ideally, this transition of the digital input code should cause 
the D/A outputs to change 92pV in the 16-bit Mode or 23pV 
in the 18-bit Mode. A simple way to make this adjustment 
is to continually load alternately the codes 1111. ..1111 (FFFF 
hex or 3FFFF hex) and 0000... 0000 (0000 hex or 00000 hex) 
into the DSP20 1 or DSP202. An amplifier with sufficient gain 
can then drive an oscilloscope input, and the transition output 
step can be adjusted. 
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An alternative for calibrating on a bench is to tie SIN (DSP20 1 
pin 13) or SIN A and SINB (DSP202 pins 13 and 14) HIGH, 
and provide a Bit Clock and periodic Convert Commands. 
This loads 1111. ..1111 (FFFF HEX or 3FFFF HEX ), dri ving the 
output to 1LSB below OV. Then periodically bring RESET 
(pin 8) LOW for at least two Convert Commands, which is 
the equivalent of loading all Os, so the output is OV. Now 
the output can be adjusted for an ideal transition step. 

ADJUSTING BIPOLAR ZERO ERROR 

If it is important in a specific application to adjust bipolar 
zero error, the user should first adjust the MSB trim circuits, 
and then use the offset adjust circuits to adjust the outputs to 
OV with input codes of all Os (0000... 0000; 0000 hex or 
00000 hex.) In this case, it is not possible to also trim offset 
at -Full Scale, as described above. 


GAIN ERROR 

Gain error on the DSP201 or DSP202 cannot be directly 
adjusted. If required in a specific application, gain can be 
trimmed out at the system level by adjusting the gain used 
in an output amplifier stage, such as would be used in any 
active output filter. In this case, the bipolar zero error should 
be adjusted first as discussed above. Then, the gain on the 
output amplifier should be adjusted to minimize the devia- 
tion from ideal for -Full Scale (1000... 000; 8000 hex or 
20000 hex) and +Full Scale (0111...1111; 7FFF hex or 
1FFFF hex.) 


DSP201 



FIGURE 2. DSP201 Power Supply Connections and Optional Adjust Circuits. 
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FIGURE 3. DSP202 Power Supply Connections and Optional Offset Voltage Adjustment. 



FIGURE 4. DSP202 Optional MSB Adjust Circuit. 
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APPLICATIONS 

USING PARALLEL PORTS 
WITH THE DSP201 OR DSP202 

Figure 5 shows a circuit for converting parallel outputs into 
the serial data stream required by the DSP201, and meets the 
requirements for timing signals. Doubling this circuit allows 
the DSP202 to be driven from a 32-bit parallel port. In most 
applications, this circuit can be easily incorporated into gate 
arrays or other programmed logic circuits already used in the 
system, since the extra gate count is not high. 

DEGLITCHING 

Particularly in high resolution D/A converters, changing 
input codes may cause glitching on the output that exces- 
sively corrupts the dynamic purity of an output signal. The 
DSP201 and DSP202 are designed to minimize output 
glitching, and all of the performance specifications and 
typical performance curves are based on tests with no extra 
deglitching circuitry. In particular, the guaranteed Signal-to- 
(Noise + Distortion) performance would be impossible to 
attain with any significant glitching. 


COMPLETE ANALOG INPUT/OUTPUT SYSTEM 

The DSP201 or DSP202 can be paired with the Burr-Brown 
DSP101 or DSP102 analog-to-digital converter to provide 
both analog input and analog output for a complete digital 
signal processing system. The DSP 101 and DSP 102 are 
respectively single and dual channel 200kHz sampling A/Ds 
with easy to use interfacing logic that complement the 
DSP201 and DSP202. Figure 6 shows a single channel 
analog input and output system based on a DSP201 and a 
DSP 101, and the minimal connections required to interface 
to a DSP IC. A pair of channels can be implemented using 
a single DSP202 and a single DSP102, either with two 
separate DSP ICs, with a single DSP IC with dual serial 
input and output channels, or a single DSP IC capable of 32- 
bit words in the Cascade Mode. 

For maximum flexibility in system design, the DSP201 on 
DSP202 D/As can be updated at a different rate than thel 
conversion rate used on the DSP101 or DSP 102 A/Ds, and 
either or both of these rates can be asynchronous to the 
clocks used with the DSP IC. 



FIGURE 5. Driving the DSP201 from a 16-Bit Parallel Port. 
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±3V Analog Output 


DSP PROCESSOR 

SYNC FORMAT 

SERIAL I/O WORD 

*SSF 

**SWL 

DSP32C, DSP16 

Active Low 

16 Bits 

LOW 

HIGH 

DSP56001 

Active High 

24 Bits 

HIGH 

LOW 

DSP56001 

Active High 

16 Bits 

HIGH 

HIGH 

TMS320C25/C30 

Active High 

1 6 Bits 

HIGH 

HIGH 

ADSP21 01/21 05 

Active High 

16 Bits 

HIGH 

HIGH 


*See Burr-Brown DSP101/102 product data sheet for full description of this ADC. 


FIGURE 6. Analog Input and Analog Output System. 



FIGURE 7. DSP202 with Dual DSP ICs. 
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USING DSP201 AND DSP202 
WITH TEXAS INSTRUMENTS DSP ICS 

Figures 6 thru 12 show various ways to use the DSP201 and 
DSP202 with DSP ICs from the Texas Instruments 
TMS320Cxx series. For simplicity, all of these circuits are 
based on using the TMS320Cxx in the mode where SSF 
(Select Synch Format, pin 9) is tied HIGH, so that there is 
an active High synchronization pulse generated by the 
DSP201 or DSP202 after receiving a Convert Command. 

The synchronization pulse can be changed to active Low 
simply by making SSF LOW, where appropriate, without 
changing basic operation of the D/As. The timing for either 
synchronization mode is shown in Figure 1. 

In all cases, the DSP201 and DSP202 expect to receive the 
data with the MSB first, and the TMS320Cxx needs to be 
programmed for this. 

Figure 6 shows a circuit for using the TMS320C25 to 
generate a complete analog input and analog output system 
using the DSP201 plus the Burr-Brown DSP101 A/D. 

Figure 7 shows how to use two TMS320C25 chips to drive 
the two channels of the DSP202. 

The TMS320C30 has dual serial I/O ports, which can be 
used to drive the dual inputs on the DSP202, as shown in 
Figure 8. This circuit can maximize the update rate for the 
channels. Since the TMS320C30 can also output 32-bit 
words, both channels of the DSP202 can be updated from a 
single serial output port on the TMS320C30, using the 
cascade mode as shown in Figure 9. 

Figures 10 and 1 1 show complete two-channel analog input 
and analog output systems consisting of three basic chips, 
the TMS320C30 plus a DSP202 dual D/A and a Burr- 
Brown DSP 102 dual A/D. Figure 10 makes use of the dual 
serial I/O ports on the TMS320C30, and is shown with the 
DSP202 in the 16-bit Mode, which maximizes the possible 



FIGURE 8. Using DSP202 with TMS320C30’s Dual SIO. 
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throughput rate on the system. Figure 1 1 makes use of the 
32-bit word length mode in the TMS320C30 and the Cas- 
cade Mode on both the DSP202 and the DSP 102 to provide 
two full analog I/O channels over a single serial I/O port 
on the TMS320C30. Thus, up to four complete, separate 
analog I/O channels could be operated using a single 
TMS320C30, by making use of the second serial port. 

Figure 12 shows how to use a TMS320C25 to update the 
analog output of the DSP201. 

USING DSP201 AND DSP202 
WITH MOTOROLA DSP ICS 

Figure 13 shows how to use the DSP201 with a Motorola 
DSP56001. Using the DSP202 requires using two 
DSP56001s, as indicated in Figure 7. | 

The DSP56001 needs to be programmed for transmission on 
the MSB bit first with SYNC in the Bit Mode. If the 
DSP56001 is programmed for 16-bit data words, SWL (pin 
10) on the DSP201 or DSP202 needs to be tied HIGH to 
select the 16-bit Mode. In the DSP56001 24-bit mode, the 
DSP201 or DSP202 can be programmed to accept data 
lengths of 16-bits (with SWL HIGH) or 18-bits (with SWL 
LOW), and will ignore the trailing bits on the serial line. 

For use with the Motorola DSP56001, SSF (pin 9) on the 
DSP201 or DSP202 needs to be tied HIGH. This will cause 
the DSP201 or DSP202 to transmit an appropriate active 
High synchronization pulse on SYNC (pin 11) after a Con- 
vert Command is received by the DSP201 or DSP202. 
Timing is shown in Figure 1. 

Even though the DSP201 or DSP202 require a minimum of 
24 Bit Clock pulses between convert commands, the maxi- 
mum update rate for the D/As using a 5MHz Bit Clock will 
still be over 200kHz (5MHz / 24 = 208.3kHz.) 
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NOTE: Program TMS320C30 for 32-bit mode. 


FIGURE 9. Using DSP202 with TMS320C30 in Cascade Mode. 
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NOTES: (1) Sample rate on DSP102 and DSP202 may differ. (2) Analog Devices ADSP2101 may be used. SPORT1 and SPORT2 
are used for serial MSB first communication. 


‘See Burr-Brown DSP101/102 product data sheet for full description of this ADC. 


FIGURE 10. Two-Channel Analog Input and Output System with TMS320C30. 
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NOTES: (1) Program TMS320C30 for 32-bit mode. (2) Sample rate on DSP102 and DSP202 may differ. (3) DSP32C may also be used 
in this mode, with SSF pins tied LOW. *See Burr-Brown DSP101/DSP102 product data sheet for full description of this ADC. 


FIGURE 11. Two-Channel Analog Input and Output System with TMS320C30 in Cascade Mode. 
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FIGURE 12. Using DSP201 with TMS320C25. 
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NOTES: (1 ) DSP56001 programmed for MSB bit first. (2) For 1 6-bit data connect SWL to Logic 1 ; For 24-bit data connect SWL to Logic 0. 


FIGURE 13. Using DSP201 with DSP56001. 
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FIGURE 14. Using DSP201 with ADSP-2105. 


USING DSP201 AND DSP202 WITH ADI DSP ICS 

When using the DSP201 or DSP202 with the ADSP2101 or 
ADSP2105, the processors need to be programmed to trans- 
mit the data with the MSB first. 

Figure 14 shows the connections required to generate an 
analog output channel using an ADSP2105 with the DSP201 . 
The same basic circuit can also be used to connect a DSP201 
to the ADSP2101. 

Figure 6 indicates how to build a complete analog input and 
analog output system using either the ADSP2101 or 
ADSP2105 with a DSP201 and a Burr-Brown DSP 101 A/D. 

The two serial ports on the ADSP2101 can also be used with 
the DSP202 to make two complete analog output channels 
as noted in footnote 2 of Figure 10. 

USING DSP201 AND 
DSP202 WITH AT&T DSP ICS 

Figures 15, 16 and 17 show how to use the DSP201 and 
DSP202 with the DSP 16 and DSP32C in different modes. 
The DSP IC needs to be programmed to transmit data with 
the MSB first, and the DSP201 or DSP202 needs to have 
SSF (Select Sync Format on pin 9) tied LOW so that the 


D/As will output an appropriate active Low synchronization 
pulse after a Convert Command is received. 

Figures 15 and 17 show the DSP32C and DSP16 respec- 
tively used with the DSP201 in the 16-bit Mode to generate 
a single analog output channel. With a 12MHz Bit Clock and 
the 24 Bit Clock cycles required by the DSP201 and DSP202 
between Convert Commands, the output of Figure 15 can be 
updated at a full 500kHz (12MHz/24 = 500kHz.) 

Figure 16 shows how to drive two analog output channels 
from a single 32-bit serial port on the DSP32C, using the 
Cascade Mode on the DSP202. With a 12MHz Bit Clock 
and the 40 Bit Clock cycles required between Convert 
Commands by the DSP for internal logic overhead, this 
circuit can update two separate analog outputs at 300kHz 
each from a single serial port (12MHz/40 = 300kHz.) 

Figure 6 indicates how to build a complete analog input and 
analog output system using a DSP32C or DSP 16 with a 
DSP201 and a Burr-Brown DSP101 A/D. 

Figure 7 shows a two channel analog output system using a 
single DSP202 with two DSP32Cs or two DSP 16s. 
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FIGURE 15. Using DSP201 with DSP32C with 16-Bit Data Words. 



FIGURE 16. Using DSP202 with DSP32C in Cascade Mode. 



FIGURE 17. Using DSP201 with DSP16. 
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ISO150 


Dual, Isolated, Bi-Directional 
DIGITAL COUPLER 


FEATURES 

• REPLACES HIGH-PERFORMANCE 
OPTOCOUPLERS 

• DATA RATE: 80M Baud, typ 

• LOW POWER CONSUMPTION: 

25mW Per Channel, max 

• TWO CHANNELS, EACH BI-DIRECTIONAL, 
PROGRAMMABLE BY USER 

• PARTIAL DISCHARGE TESTED: 2400Vrms 

• CREEPAGE DISTANCE OF 16.5mm (DIP) 

• LOW COST PER CHANNEL 

• PLASTIC DIP AND SOIC PACKAGES 

DESCRIPTION 

The ISO 150 is a two-channel, galvanically isolated 
data coupler capable of data rates of 80MB aud, typi- 
cal. Each channel can be individually programmed to 
transmit data in either direction. 

Data is transmitted across the isolation barrier by 
coupling complementary pulses through high voltage 
0.4pF capacitors. Receiver circuitry restores the pulses 
to standard logic levels. Differential signal transmis- 
sion rejects isolation-mode voltage transients up to 
1.6kV/ps. 


APPLICATIONS 

• DIGITAL ISOLATION FOR A/D, D/A 
CONVERSION 

• ISOLATED UART INTERFACE 

• MULTIPLEXED DATA TRANSMISSION 

• ISOLATED PARALLEL TO SERIAL 
INTERFACE 

• TEST EQUIPMENT 

• MICROPROCESSOR SYSTEM INTERFACE 

• ISOLATED LINE RECEIVER 

• GROUND LOOP ELIMINATION 


ISO 150 avoids the problems commonly associated 
with optocouplers. Optically isolated couplers require 
high current pulses and allowance must be made for 
LED aging. The ISO150’s Bi-CMOS circuitry oper- 
ates at 25mW per channel. 

ISO 150 is available in a 24-pin DIP package and in a 
28-lead SOIC. Both are specified for operation from 
-40°C to 85°C. 
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SPECIFICATIONS 


T a = +25°C, V s = +5V unless otherwise noted. 




ISO150AP, AU 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

ISOLATION PARAMETERS 

Rated Voltage, Continuous 

60Hz 

1500 



Vrms 

Partial Discharge, 100% Test* 1 ) 

Creepage Distance (External) 

Is, 5pC 

2400 



Vrms 

DIP— “P” Package 



16 


mm 

SOIC — “U” Package 



7.2 


mm 

Internal Isolation Distance 



0.10 


mm 

Isolation Voltage Transient Immunity* 2 ) 



1.6 


kV/ps 

Barrier Impedance 



>10 14 || 7 


QllpF 

Leakage Current 

240Vrms, 60Hz 


0.6 


pArms 

DC PARAMETERS 

Logic Output Voltage, High, V 0H 

Ioh = 6mA 

v s -i 


V S 

V 

Low, V 0L 

l 0L = 6mA 

0 


0.4 

V 

Logic Output Short-Circuit Current 

Source or Sink 


30 


mA 

Logic Input Voltage, High* 3 ) 


2 


V s 

V 

Low* 3 > 


0 


0.8 

V 

Logic Input Capacitance 



5 


pF 

Logic Input Current 



<1 


nA 

Power Supply Voltage Range* 3 ) 

Power Supply Current* 4 ) 


3 

5 

5.5 

V 

Transmit Mode 

DC 


0.001 

100 

pA 


50MBaud 


14 


mA 

Receive Mode 

DC 


7.2 

10 

mA 


50MBaud 


16 


mA 

AC PARAMETERS 

Data Rate, Maximum* 5 ) 

C L = 50pF 

50 

80 


MBaud 

Data Rate, Minimum 


DC 




Propagation Time* 6 ) 

C L = 50pF 

20 

27 

40 

ns 

Propagation Delay Skew* 7 ) 

C L = 50pF 


0.5 

2 

ns 

Pulse Width Distortion* 8 ) 

C[_ = 50pF 


1.5 

6 

ns 

Output Rise/Fall Time, 1 0% to 90% 

Mode Switching Time 

C L = 50pF 


9 

14 

ns 

Receive-to-T ransmit 



13 


ns 

T ransmit-to-Receive 



75 


ns 

TEMPERATURE RANGE 

Operating Range 


-40 


85 

°C 

Storage 


-40 


125 

°C 

Thermal Resistance, 0 JA 



75 


°C/W 


NOTES: (1) All devices receive a Is test. Failure criterion is >5 pulses of >5pC. (2) The voltage rate-of-change across the isolation barrier that can be sustained 
without data errors. (3) Logic inputs are HCT-type and thresholds are a function of power supply voltage with approximately 0.4V hystersis— see text. (4) Supply 
current measured with both tranceivers set for the indicated mode. Supply current varies with data rate — see typical curves. (5) Calculated from the maximum Pulse 
Width Distortion (PWD), where Data Rate = 0.3/PWD. (6) Propagation time measured from V )N = 1 .5V to V 0 = 2.5V. (7) The difference in propagation time of channel 
A and channel B in any combination of transmission directions. (8) The difference between progagation time of a rising edge and a falling edge. 


The information provided herein is believed to be reliable: however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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NOTE: (1) For detailed drawing and dimension table, please see end of 
data sheet, or Appendix D of Burr-Brown 1C Data Book. 


PIN DESCRIPTIONS 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet its published 
specifications. 


TOP VIEW 



] R/t 2 , 

|g A 


J V SB 

]r/t 2E 

1 Doo 


PIN CONFIGURATION 

TOP VIEW 



j V SB 

1 R/Tpp 


NAME 

FUNCTION 

D, a 

Data in or data out for transceiver 1 A. R/T 1A held 
low makes D 1A an input pin. 

R/T 1a 

Receive/Transmit switch controlling transceiver 1A. 

V S A 

+5V supply pin for side A which powers transceivers 

1 A and 2A. 

G b 

Ground pin for transceivers 1 B and 2B. 

R/Tib 

Receive/Transmit switch controlling transceiver 1 B. 

Die 

Data in or data out for transceiver 1 B. R/T 1B held 
low makes D 1B an input pin. 

d 2B 

Data in or data out for transceiver 2B. R/T 2B held 
low makes D 2B an input pin. 

R/T 2B 

Receive/T ransmit switch controlling D 2B . 

V S b 

! 

+5V supply pin for side B which powers transceivers 

IB and 2B. 

G a 

Ground pin for transceivers 1 A and 2A. 

WT» 

Receive/Transmit switch controlling transceiver 2A. 

&» 

Data in or data out for transceiver 2A. R/T 2A held 
low makes D 2A in input pin. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -40°C to +125°C 

Supply Voltages, V s -0.5 to 6V 

Transmitter Input Voltage, V, -0.5 to V s + 0.5V 

Receiver Output Voltage, V 0 -0.5 to V s + 0.5V 

R/T x Inputs -0.5 to V s + 0.5V 

Isolation Voltage dV/dt, V IS0 500kV/ps 

D x Short to Ground Continuous 

Junction Temperature, T u 175°C 

Lead Temperature (soldering, 10s) 260°C 

1.6mm below seating plane (DIP package) 300°C 


PACKAGE INFORMATION' 1 ' 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

ISO150AP 

ISO150AU 

24-Pin Single-Wide DIP 
28-Lead SOIC 

243-1 

217-2 


1 MM 1 


Burr-Brown IC Data Book — Data Conversion Products 


4.3 


DIGITAL INTERFACE PRODUCTS D ISO150 













Rela,iue, '’ , ' Supply Current (mA) Supply Current (mA) 


For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = +5V unless otherwise noted. 


SUPPLY CURRENT PER CHANNEL 
vs SUPPLY VOLTAGE 


C L = 15pF 





f = 1MHz = 

2MBaud 














— ' Rece 

ive Mode 



/" 





/ 




/ 





/ 



. 




Trans 

smit Mode 





! 


1 2 3 4 5 6 

Supply Voltage, V s (V) 


POWER CONSUMPTION PER CHANNEL vs FREQUENCY 



100k 1M 10M 100M 

Frequency (Hz) 


SUPPLY CURRENT PER CHANNEL 



-60 -40 -20 0 20 40 60 80 100 120 140 


TYPICAL RISE AND FALL TIMES vs CAPACITIVE LOAD 



100 200 300 400 500 


Temperature (°C) 


Capacitive Load (pF) 


NORMALIZED RISE/FALL TIME vs TEMPERATURE 



-60 -40 -20 0 20 40 60 80 100 120 140 



2.5 3.0 3.5 4.0 4.5 5.0 5.5 


Temperature (°C) 


Supply Voltage, V s (V) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = +5V unless otherwise noted. 


s 

.1 

CO 

3 

CL 

O 

CL 


PROPAGATION DELAY vs TEMPERATURE 



PULSE WIDTH DISTORTION 
vs TEMPERATURE 
5 

4 

3 

2 

1 

0 

-60 -40 -20 0 20 40 60 80 100 120 140 



Temperature (°C) 


Temperature (°C) 


LOGIC INPUT THRESHOLD VOLTAGE 
vs SUPPLY VOLTAGE 



2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 



0 0.5 1.0 1.5 2.0 


Supply Voltage, V ss (V) 


V,n (V) 



1 10 100 Ik 10k 100k 1M 


Frequency (Hz) 



Ik 10k 100k 1M 10M 100M 

Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = +5V unless otherwise noted. 


TYPICAL INSULATION RESISTANCE vs TEMPERATURE 



0 20 40 60 80 100 120 140 160 180 

Temperature (°C) 


ISOLATION BARRIER 

Data is transmitted by coupling complementary logic pulses 
to the receiver through two 0.4pF capacitors. These capaci- 
tors are built into the ISO 150 package with Faraday shield- 
ing to guard against false triggering by external electrostatic 
fields. 

The integrity of the isolation barrier of the ISO 150 is 
verified by partial discharge testing. 2400Vrms, 60Hz, is 
applied across the barrier for one second while measuring 
any tiny discharge currents that may flow through the 
barrier. These current pulses are produced by localized 
ionization within the barrier. This is the most sensitive and 
reliable indicator of barrier integrity and longevity, and does 
not damage the barrier. A device fails the test if five or more 
current pulses of 5pC or greater are detected. 


Conventional isolation barrier testing applies test voltage far 
in excess of the rated voltage to catastrophically break down 
a marginal device. A device that passes the test may be 
weakened, and lead to premature failure. 

APPLICATIONS INFORMATION 

Figure 1 shows the ISO 150 connected for basic operation. 
Channel 1 is configured to transmit data from side B_to A. 
Channel 2 is set for transmission from side A to B. The R/T pins 
for each of the four transceivers are shown connected to the 
required logic level for the transmission direction shown. The 
transmission direction can be controlled by logic signals 
applied to the R/T pins. Channel 1 and 2 can be independently 
controlled for the desired transmission direction. 
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LOGIC LEVELS 

A single pin serves as a data input or output, depending on 
the mode selected. Logic inputs are CMOS with thresholds 
set for TTL compatibility. The logic threshold is approxi- 
mately 1.3V with 5 V supplies and with approximately 400mV 
of hysteresis. Input logic thresholds vary with the power 
supply voltage. Drive the logic inputs with signals that swing 
the full logic voltage swing. The ISO 150 will use somewhat 
greater quiescent current if logic inputs do not swing within 
0.5V of the power supply rails. 

In receive mode, the data output can drive 15 standard 
LS-TTL loads. It will also drive CMOS loads. The output 
drive circuits are CMOS. 

POWER SUPPLY 

Separate, isolated power supplies must be connected to side 
A and side B to provide galvanic isolation. Nominal rated 
supply voltage is 5V. Operation extends from 3V to 5.5V. 
Power supplies should be bypassed close to the device pins 
on both sides of the isolation barrier. 

The V s pin for each side powers the transceivers for both 
channel 1 and 2. The specified supply current is the total of 
both transceivers on one side, both operating in the indicated 
mode. Supply current for one transceiver in transmit mode 
and one in receive mode can be estimated by averaging the 
specifications for transmit and receive operation. Supply 
current varies with the data transmission rate — see typical 
curves. 

POWER-UP STATE 

The ISO 150 transmits information across the barrier only 
when the input-side data changes logic state. When a trans- 
ceiver is first programmed for receive mode, or is powered- 
up in receive mode, its output is initialized “high”. Subse- 
quent changes of data applied to the input side will cause the 
output to properly reflect the input side data. 

SIGNAL LOSS 

The ISO150’s differential-mode signal transmission and 
careful receiver design make it highly immune to voltage 
across the isolation barrier (isolation-mode voltage). Rapidly 
changing isolation-mode voltage can cause data errors. As 
the rate of change of isolation voltage is increased, there is 
a very sudden increase in data errors. Approximately 50% of 
ISO 150s will begin to produce data errors with isolation- 
mode transients of 1.6kV/ps. This may occur as low as 
500V/ps in some devices. In comparison, a lOOOVrms, 60Hz 
isolation-mode voltage has a rate of change of approximately 
0.5V/ps. 

Still, some applications with large, noisy isolation-mode 
voltage can produce data errors by causing the receiver 
output to change states. After a data error, subsequent changes 
in input data will produce correct output data. 


PROPAGATION DELAY AND SKEW 

Logic transitions are delayed approximately 27ns through 
the ISO 150. Some applications are sensitive to data skew — 
the difference in propagation delay between channel 1 and 
channel 2. Skew is less than 2ns between channel 1 and 
channel 2. Applications using more than one ISO 150 must 
allow for somewhat greater skew from device to device. 
Since all devices are tested for delay times of 20ns min to 
40ns max, 20ns is the largest device-to-device data skew. 

MODE CHANGES 

The transmission direction of a channel can be changed “on 
the fly” by reversing the logic levels at the channel’s R/T 
pins on both side A and side B. Approximately 75ns after the 
transceiver is programmed to receive mode its output is 
initialized “high”, and will respond to subsequent input-side 
changes in data. 

STANDBY MODE 

Quiescent current of each transceiver circuit is very low in 
transmit mode when input data is not changing (InA typi- 
cal). To conserve power when data transmission is not 
required, program both side A and B transceivers for trans- 
mit mode. Input data applied to either transceiver is ignored 
by the other side. High speed data applied to either trans- 
ceiver will increase quiescent current. 

CIRCUIT LAYOUT 

The high speed of the ISO 150 and its isolation barrier 
require careful circuit layout. Use good high speed logic 
layout techniques for the input and output data lines. Power 
supplies should be bypassed close to the device pins on both 
sides of the isolation barrier. Use low inductance connec- 
tions. Ground planes are recommended. 

Maintain spacing between side 1 and side 2 circuitry equal 
or greater than the spacing between the missing pins of the 
ISO 150 (approximately 16mm for the DIP version). Sockets 
are not recommended. 


HH 
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+5V 



+5V "1" 

(+5V) 


FIGURE 2. Isolated RS-485 Interface. 
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Isolated Supplies 


^0 FIGURE 3. ISO150 and ADS7807 is Used to Reduce Circuit Noise in a Mixed Signal Application. 

DIGITAL INTERFACE PRODUCTS 


SER 

QA 


QB 

SRCLK 

QC 

SRCLR 

QD 


QE 

RCLK 

QF 

G 

QG 


QH 

74LS595 

QH 


High Byte Enable 
Low Byte Enable 


SER 

QA 


QB 

SRCLK 

QC 

SRCLR 

QD 


QE 

RCLK 

QF 

G 

QG 


QH 

74LS595 

QH 
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5 Multiplexers 


Burr-Brown analog multiplexers provide one of 
the most cost effective methods of achieving mul- 
tiple-channel signal distribution. Single-ended and 
differential channel versions are available in both 
ceramic and plastic packages. 

These high speed multiplexers are input protected 
and can withstand voltages of 70Vp-p without 


damaging the device. Full ±15V input range is 
provided on all devices. 


MPC506 

16 to 1 mux 

single-ended 

MPC507 

8 to 1 mux 

differential 

MPC508 

8 to 1 mux 

single-ended 

MPC509 

4 to 1 mux 

differential 


ANALOG MULTIPLEXERS 






Boldface = 

NEW 




Input 

On 

Settling 







Range 

Resistance 

Time 

Temp 


Page 

Description 

Model 

Channels 

(V) 

max (Q) 

(to 0.01%) 

Range (1) 

Pkg< 2 > 

No. 

Protected 

MPC506AP 

16-channel 

±15 

1.8k 

3.5ps 

Com 

28-p PDIP 

5.48 

Inputs 

MPC506AG 

single ended 
16-channel 
single ended 

±15 

1.8k 

3.5ps 

Ext 

28-p CDIP 

5.4s| 


MPC506AU 

16-channel 

differential 

±15 

1.8k 

3.5ps 

Com 

29-p SOIC 

5.48 


MPC507AP 

8-channel 

differential 

±15 

1.8k 

3.5ps 

Com 

28-p PDIP 

5.48 


MPC507AG 

8-channel 

differential 

±15 

1.8k 

3.5ps 

Ext 

28-p CDIP 

5.48 


MPC507AU 

8-channel 

differential 

±15 

1.8k 

3.5(xs 

Com 

28-p SOIC 

5.48 


MPC508AP 

8-channel 
single ended 

±15 

1.8k 

3.5ps 

Com 

16-p PDIP 

5.59 


MPC508AG 

8-channel 
single ended 

±15 

1.8k 

3.5ps 

Ext 

16-p CDIP 

5.59 


MPC508AU 

8-channel 
single ended 

±15 

1.8k 

3.5ps 

Com 

16-p SOIC 

5.59 


MPC509AP 

4-channel 

differential 

±15 

1.8k 

3.5ps 

Com 

16-p PDIP 

5.59 


MPC509AG 

4-channel 

differential 

±15 

1.8k 

3.5|ns 

Ext 

16-p CDIP 

5.59 


MPC509AU 

4-channel 

differential 

±15 

1.8k 

3.5ps 

Com 

16-p SOIC 

5.59 

High Speed 

MPC800KG 

16 single or 

8 differential 

±15 

750 

800ns 

Com 

CDIP 

5.69 


MPC800SG 

16 single or 

8 differential 

±15 

750 

800ns 

Mil 

CDIP 

5.69 


MPC801 KG 

8 single or 

4 differential 

±15 

750 

800ns 

Com 

CDIP 

5.77 


MPC801SG 

8 single or 

4 differential 

±15 

750 

800ns 

Mil 

CDIP 

5.77 





Input Impedance 

Bandwidth 




Buffered 

MPC100AP 

4-channel 

±4.2 

0.88MQ 

450MHz 

Ext 

14-p PDIP 

5.2 

4x1 


single ended 







MPC100AU 

4-channel 
single ended 

±4.2 

0.88MQ 

450MHz 

Ext 

14-p SOIC 

5.2 

Buffered 

MPC102AP 

dual 2-channel 

±3.6 

0.88MQ 

370MHz 

Ext 

14-p PDIP 

5.18 

Dual 


single ended 







2x1 

MPC102AU 

dual 2-channel 

±3.6 

0.88MQ 

370MHz 

Ext 

14-p SOIC 

5.18 



single-ended 








MPC104AP 

2-channel 

single-ended 

±3.6 

0.88MQ 

370MHz 

Ext 

8-p PDIP 

5.33 


MPC104AU 

2-channel 

single-ended 

±3.6 

0.88MQ 

370MHz 

Ext 

8-p SOIC 

5.33 


NOTES: (1) Temperature Range: Com = 0°C to +70°C, Ext = -40°C to +85°C, Mil =-55°C to +125°C. (2) CDIP = Ceramic DIP, PDIP = Plastic DIP. 
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MPC100 


Wide Bandwidth 
4 x 1 VIDEO MULTIPLEXER 


FEATURES 

• BANDWIDTH: 250MHz (1.4Vp-p) 

• LOW INTERCHANNEL CROSSTALK: 
<60dB (30MHz, DIP); <70dB (30MHz, SO) 

• LOW SWITCHING TRANSIENTS: 

+2.5/-1 .2 m V 

• LOW DIFFERENTIAL GAIN/PHASE 
ERRORS: 0.05%, 0.01° 

• LOW QUIESCENT CURRENT: 

One Channel Selected: ±4.6mA 
No Channel Selected: ±230 jiA 

APPLICATIONS 

• VIDEO ROUTING AND MULTIPLEXING 
(CROSSPOINTS) 

• RADAR SYSTEMS 

• DATA ACQUISITION 

• INFORMATION TERMINALS 

• SATELLITE OR RADIO LINK IF ROUTING 


DESCRIPTION 

The MPC100 is a very wide bandwidth 4 to 1 channel 
Video Signal Multiplexer, which can be used in a wide 
variety of applications. 

It was designed for wide-bandwidth systems, includ- 
ing high-definition television and broadcast equip- 
ment. Although it is primarily used to route video 
signals, the harmonic and dynamic attributes of the 
MPC100 make it appropriate for other analog signal 
routing applications such as radar, communications, 
computer graphics, and data acquisition systems. 

The MPC100 consists of four identical monolithic 
integrated open-loop buffer amplifiers, which are con- 


nected together internally at the output. The unidirec- 
tional transmission path consists of bipolar comple- 
mentary buffers, which offer extremely high output- 
to-input isolation. The MPC100 multiplexer enables 
the user to connect any one of the four input channels 
(IN, - IN 4 ) to the output. The output of the multiplexer 
is in a high-impedance state when no channel is 
selected. When one channel is selected with a digital 
“1” at the corresponding SEL-input, the component 
acts as a buffer with high input impedance and low 
output impedance. 

The wide bandwidth of over 250MHz at 1.4Vp-p 
signal level, high linearity and low distortion, and low 
input voltage noise of 4nV/^/Hz make this crosspoint 
switch suitable for RF and video applications. All 
performance is specified with ±5V supply voltage, 
which reduces power consumption in comparison with 
±15V designs. The multiplexer is available in a space- 
saving 14-pin SO and cost-saving DIP packages. Both 
are designed and specified for operation over the 
industrial temperature range (-40°C to +85°C.) 



SEL, SEL 2 SEL 3 SEL 4 

TRUTH TABLE 


SEL, 

sel 2 

sel 3 

sel 4 

■Si 

0 

0 

0 

0 

Hl-Z 

1 

0 

0 

0 

IN 1 

0 

1 

0 

0 

IN. 

0 

0 

1 

0 

IN 3 

0 

0 

0 

1 

|N 4 
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SPECIFICATIONS 


ELECTRICAL 

At V cc = +5VDC, R l = lOkft, R SOU rce = 50ft, and T A = +25°C, unless otherwise noted. 




MPC100AP/AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS | 

INPUT OFFSET VOLTAGE 

Initial 



±3 

±30 

mV 

vs Temperature 



30 


pV/°C 

vs Supply (Tracking) 

V cc = ±4.5V to ±5.5V 

-40 

-80 


dB 

vs Supply (Non-tracking) 

V cc = +4.5V to +5.5V 


-50 


dB 

vs Supply (Non-tracking) 

V cc = —4.5V to -5.5V 


-50 


dB 

Initial Matching 

Between the Four Channels 


1.5 

4.5 

mV 

INPUT BIAS CURRENT 

Initial 



+3 

8 

pA 

vs Temperature 



20 


nA/°C 

vs Supply (Tracking) 

V cc = ±4.5V to ±5.5V 


±380 


nA/V 

vs Supply (Non-tracking) 

V cc = +4.5V to +5.5V 


+1.0 


pA/V 

vs Supply (Non-tracking) 

V cc = —4.5V to -5.5V 


-11.0 


pA/V 

INPUT IMPEDANCE 

Resistance 

Channel On 


0.88 


Mft 

Capacitance 

Channel On 


1.0 


PF 

Capacitance 

Channel Off 


1.0 


PF 

INPUT NOISE 

Voltage Noise Density 

f OUT = 20kHz to 10MHz 


4.0 


nV/yfHz 

Signal-to-Noise Ratio 

S/N = 0.7/V n • a/5MHz 


-98 


dB 

INPUT VOLTAGE RANGE 

Gain Error = 10% 


±4.2 


V 

TRANSFER CHARACTERISTICS 

Voltage Gain 

R l = Ikft, V IN = ±2V 


0.982 


V/V 


R l = lOkft, V IN = ±2.8V 

0.98 

0.992 


V/V 

RATED OUTPUT 

Voltage 

G > 0.97, R l = 5kft 

±2.8 

±3.8 


V 

Resistance 

One Channel Selected 


11 


ft 

Resistance 

No Channel Selected 


900 


Mft 

Capacitance 

No Channel Selected 


1.5 


PF 

POWER SUPPLY 

Rated Voltage 



±5 


V 

Derated Performance 


±4.5 


±5.5 

V 

Quiescent Current 

One Channel Selected 


±4.6 


mA 


No Channel Selected 


±230 

±350 

pA 

Rejection Ratio 



-80 


dB 


CONNECTION DIAGRAM FUNCTIONAL DESCRIPTION 


IN 1 -IN 4 

Four analog input channels 

GND 

Analog input shielding grounds, not internally connected 

SEL r SEL 4 

Channel selection inputs 

VoUT 

Analog output; tracks selected channel 

-V cc 

Negative supply voltage; typical -5VDC 

+V CC 

Positive supply voltage; typical +5VDC 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS 


ELECTRICAL 

At V cc = ±5VDC, R l = 10kQ, Rsource = 50Q, and t a = +25°C, unless otherwise noted. 




MPC100AP/AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

AC CHARACTERISTICS 

FREQUENCY DOMAIN 

LARGE SIGNAL BANDWIDTH (-3dB) 

V 0 = 5.0Vp-p, C 0UT = IpF 


70 


MHz 


V 0 = 2.8Vp-p, C 0UT = IpF 


140 


MHz 


V 0 = 1 .4Vp-p, C OUT = IpF 


250 


MHz 

SMALL SIGNAL BANDWIDTH 

V 0 = 0.2Vp-p, C OUT = IpF 


450 


MHz 

GROUP DELAY TIME 



450 


ps 

DIFFERENTIAL GAIN 

f = 4.43MHz, V IN = 0.3Vp-p 






VDC = 0 to 0.7V 


0.05 


% 


VDC = Oto 1.4V 


0.06 


% 

DIFFERENTIAL PHASE 

f = 4.43MHz, V IN = 0.3Vp-p 






VDC = 0 to 0.7V 


0.01 


Degrees 


VDC = 0 to 1.4V 


0.02 


Degrees 

GAIN FLATNESS PEAKING 

V D = 0.2Vp-p, DC to 30MHz 


0.04 


dB 


V 0 = 0.2Vp-p, DC to 100MHz 


0.05 


dB 

HARMONIC DISTORTION 

f = 30MHz, V 0 = 1 .4Vp-p, R L = 1k£2 





Second Harmonic 



-53 


dBc 

Third Harmonic 



-67 


dBc 

CROSSTALK 

V, = 1 .4Vp-p, Figures 4 and 8 





MPC100AP All Hostile 

f = 5MHz, 


-82 


dB 


f = 30MHz, 


-60 


dB 

Off Isolation 

f = 5MHz, 


-70 


dB 


f = 30MHz, 


-71 


dB 

MPC100AU All Hostile 

f = 5MHz, 


-78 


dB 


f = 30MHz, 


-70 


dB 

Off Isolation 

f = 5MHz, 


-75 


dB 


f = 30MHz 


-76 


dB 

TIME DOMAIN | 

RISE TIME 

V Q = 1.4Vp-p, Step 10% to 90% 






C 0UT = IpF, R out = 22Q 


3.3 


ns 

SLEW RATE 

V 0 = 2Vp-p 

C 0U T = IpF 


650 


V/ps 


C OUT = 22pF 


460 


V/ps 


^out = 47pF 


320 


V/ps 


SPECIFICATIONS 

ELECTRICAL (FULL TEMPERATURE RANGE -40°C to +85°C) 


At V cc = ±5VDC, R l = 1 OkQ, R source = 50Q, and T A = T MIN to T MAX , unless otherwise noted. 




MPC100AP/AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OFFSET VOLTAGE 



±5 

±35 

mV 

TRANSFER CHARACTERISTICS 

Voltage Gain 

R L = lOkO 

0.95 

0.992 

0.997 

V/V 

INPUT BIAS CURRENT 



+3 

±10 

pA 

RATED OUTPUT 

Voltage Output 

G > 0.90, R l = 10kQ 

±2.8 

±3.8 

±4 

V 

POWER SUPPLY 

Quiescent Current 

One Channel Selected 

No Channel Selected 

1 

±4.6 

±230 

±5.5 

±320 

li 
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CHANNEL SELECTION 




MPC100AP/AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SELECTION INPUTS 

Logic 1 Voltage 


+2.0 


V cc + 0-6 

V 

Logic 0 Voltage 


0 


+ 0.8 

V 

Logic 1 Current 

V S el - 5-OV 

+75 

+100 

+125 

ha 

Logic 0 Current 

V sel = 0.8V 

0 

0.002 

+5 

HA 

SWITCHING CHARACTERISTICS 

V, = -0.3V to +0.7V, f = 5MHz 

| 




SEL to Channel ON Time 

90% Point of V Q = IVp-p 


0.25 


ps 

SEL to Channel OFF Time 

10% Point of V 0 = IVp-p 


0.25 


|IS 

Switching Transient, Positive 

Measured While Switching 


+2.5 


mV 

Switching Transient, Negative 

Between Two Grounded Channels 

! 

-1 .2 


mV 


DICE INFORMATION 


ISWi 

FUNCTION 

1 

Input 1 

2 

Ground 

3 

Input 2 

4 

Ground 

5 

Input 3 

6 

Ground 

7 

Input 4 

8 

Select 4 

9 

Select 3 

10 

+5V Supply 

11 

Output 

12 

-5V Supply 

13 

Select 2 

14 

Select 1 


Substrate Bias: Negative Supply 
NC: No Connection 

Wire Bonding: Gold wire bonding is recommended. 



MPC100 DIE TOPOGRAPHY 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 

Min. Pad Size 

51 x 76, +5 

14 ±1 

4x4 

1.295 x 1.93, ±0.13 
0.55 ±0.025 
0.10x0.10 

Backing: Titanium 
Gold 

0.02, +0.05, -0.0 
0.30, ±0.05 

0.0005 +0.0013,-0.0 
0.0076, ±0.0013 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage (±V CC ) +6VDC 

Analog Input Voltage (IN, through INJ* 1 ) ±V CC ,±0.7V 

Operating Temperature -40°C to +85°C 

Storage Temperature -40°C to +125°C 

Output Current ±6mA 

Junction Temperature +150°C 

Lead Temperature (soldering, 10s) +300°C 

Digital Input Voltages (SEL, through SEL^ 1 ) -0.5V to +V CC +0.7V 


NOTE: (1) Inputs are internally diode-clamped to±V cc . 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

MPC100AP 

14-Pin Plastic DIP 

010 

MPC100AU 

14-Pin SOIC 

235 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

DESCRIPTION 

TEMPERATURE RANGE 

MPC100AP 

MPC100AU 

14-Pin Plastic DIP 
14-Pin SOIC 

-40°C to +85°C 
— 40°C to +85°C 


mm 
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Input Impedance (Q) 


For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES 

At V cc = ±5VDC, R load = 10k£2, R source = 50Q, and T A = +25°C, unless otherwise noted. 



-40 -20 0 20 40 60 80 100 

Temperature (°C) 



-40 -20 0 20 40 60 80 100 

Temperature (°C) 



OUTPUT IMPEDANCE vs FREQUENCY 



Frequency (Hz) 


TOTAL QUIESCENT CURRENT vs TEMPERATURE 



-40 -20 0 20 40 60 80 100 

Temperature (°C) 


TOTAL QUIESCENT CURRENT vs TEMPERATURE 



-40 -20 0 20 40 60 80 100 

Temperature (°C) 
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Output Voltage (mV) Voltage Noise (nVA/Hz) Output Voltage (V) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R load = 10k£2, R S0UHCE = 50Q, and T A = +25°C, unless otherwise noted. 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

Input Voltage (V) 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

Input Voltage (V) 


INPUT VOLTAGE NOISE SPECTRAL DENSITY 



Frequency (Hz) 


SWITCHING ENVELOPE (Video Signal) 


& 

3 

O 



+0.7V 


0V 

-0.3V 


Time (ps) 


SWITCHING TRANSIENTS (Channel To Channel) 



SWITCHING TRANSIENTS (Channel To Channel) 










p— — 

— 

r\ 




- 

Ah 

1 


SEL1 

j. 





r\ 





36MHz Low pass filter acc. 
Eureka Rec. EU95-PG03 




SEL2 

_L 

in 

the si 

?nal p 

ith. 

L_Z 


v - 



V 





J 







































0 20 40 60 80 100 120 140 160 180 200 


Time (ns) 


Time (ns) 


I PPPf 
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Output Voltage (IV/Div) Output Voltage (40m V/Div) 


For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R load = lOkO, R source = 50Q, and T A = +25°C, unless otherwise noted. 


SMALL SIGNAL PULSE RESPONSE 


Time (ns) 

Gout = 1 P F ’ tasE = Wl = 2ns 
(Generator) V, = 0.2Vp-p 


SMALL SIGNAL PULSE RESPONSE 



Time (ns) 

Gout = 47pF, t R1SE = t FALL = 2ns 
(Generator) V, = 0.2Vp-p 



LARGE SIGNAL PULSE RESPONSE 



Time (ns) 

Gout = 1 P R ’ We = Vall = 5ns 
(Generator) V, = 5Vp-p 


LARGE SIGNAL PULSE RESPONSE 



Time (ns) 

c out = 47pF, t R(SE = t FALL = 5ns 
(Generator) V, = 5Vp-p 


GROUP DELAY TIME vs FREQUENCY 








































_ 
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150Q 
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DEM-MPC1 
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X 50Q 

DUT^-VW^ 
v 0UT = 
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Zj 

— 

— I 
_i 
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1M 10M 100M 500M 

Frequency (Hz) 


BANDWIDTH vs C ouT WITH RECOMMENDED R 0UT 
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TYPICAL PERFORMANCE CURVES (CONT) 

At v cc = ±5VDC, R load = 10kQ, R source = 50Q, and T A = +25°C, unless otherwise noted. 


GAIN FLATNESS 







T 

































0.2 

Vp 

-P 

- 





L 






1 














' 






l"~ 



\ 






R 

,M= 15 

on 

, F 

in-i 
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(Q 


L 



T 



L 


^out = 22pF , R out 

mil i mu 

it 

I5H 





1 










1 


_ 

'1 



300k 1M 10M 100M 1G 

Frequency (Hz) 



300k 1M 10M 100M 1G 


Frequency (Hz) 


BANDWIDTH vs R LOAD 



Frequency (Hz) 



300k 1M 10M 100M 1G 

Frequency (Hz) 


30MHz HARMONIC DISTORTION 30MHz HARMONIC DISTORTION 



Frequency (Hz) Frequency (Hz) 

V 0UT = 2.8Vp-p, R l - 1 kQ, C 0UT = 1 pF V 0UT = 2.8Vp-p, R L = 1 OkQ, C 0UT - 1 pF 


mm 
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APPLICATIONS INFORMATION 

The MPCIOO operates from ±5V power supplies (±6V 
maximum). Do not attempt to operate with larger power 
supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited or protected. If the output is 
shorted to ground, currents up to 18mA could flow. Momen- 
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent damage. 

INPUT PROTECTION 

All pins on the MPCIOO are internally protected from ESD 
by means of a pair of back-to-back reverse-biased diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation can occur with loss of the 
amplifier’s power supplies while a signal source is still 
present. The diodes can typically withstand a continuous 
current of 30mA without destruction. To insure long term 
reliability, however, diode current should be externally lim- 
ited to 10mA or so whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ad- 
equate ESD protection for most normal handling proce- 
dures. However, static damage can cause subtle changes in 
amplifier input characteristics without necessarily destroy- 
ing the device. In precision buffer amplifiers, this may cause 
a noticeable degradation of offset voltage and drift. There- 
fore, static protection is strongly recommended when han- 
dling the MPCIOO. 

Static damage has been well recognized for MOSFET de- 
vices, but any semiconductor device deserves protection 
from this potentially damaging source. The MPCIOO incor- 
porates on-chip ESD protection diodes as shown in Figure 1. 
This eliminates the need for the user to add external protec- 
tion diodes, which can add capacitance and degrade AC 
performance. 


+ V CC ESD Protection diodes 

—i— internally connected to all pins. 


External Pin O- 


Internal Circuitry 


FIGURE 1. Internal ESD Protection. 


DISCUSSION 
OF PERFORMANCE 

The MPCIOO video multiplexer allows the user to connect 
any one of four analog input channels (IN r IN 4 ) to the output 
of the component and to switch between channels within 
less than 0.5jis. It consists of four identical unity-gain buffer 
amplifiers, which are connected together internally at the 
output. The open loop buffers consisting of complementary 


emitter followers applies no feedback, so their low fre- 
quency gain is slightly less than unity and somewhat depen- 
dent on loading. Unlike devices using MOS bilateral switch- 
ing elements the bipolar complementary buffers form an 
unidirectional transmission path and thus provide high out- 
put-to-input isolation. Switching stages compatible to TTL 
level digital signals are provided for each buffer to select the 
input channel. When no channel is selected, the output of the 
device is a high-impedance and allows the user to wire more 
MPCIOOs together to form switch multi-channel matrices. 

If one channel is selected with a digital “1” at the corre- 
sponding SEL-input, the MPCIOO acts as a buffer amplifier 
with high input impedance and low output impedance. The 
truth table on the front page describes the relationship 
between the digital inputs (SELj to SEL 4 ) and the analog 
inputs (IN, to IN 4 ), and which signal is selected at the output. 

The 2-4 address decoder and chip select logic is not inte- 
grated. The selected design increases the flexibility of ad- 
dress decoding in complex distribution fields, eases BUS- 
controlled channel selection, simplifies channel selection 
monitoring for the user, and lowers transient peaks. All of 
these characteristics make the 1 of 4 multiplexer, in effect, 
a quad switchable high-speed buffer. They require DC 
coupling and termination resistors when directly driven from 
a low impedance cable. High-current output amplifiers are 
recommended when driving low-impedance transmission 
lines or inputs. 

An advanced complementary bipolar process, consisting of 
pn-junction isolated high-frequency NPN and PNP transis- 
tors, provides wide bandwidth while maintaining low 
crosstalk and harmonic distortion. The single chip band- 
width of over 250MHz at an output voltage of 1.4Vp-p 
allows the design of large crosspoint or distribution fields in 
HDTV -quality with an overall system bandwidth of 36MHz. 
The buffer amplifiers also offer low differential gain (0.05%) 
and phase (0.01°) errors. These parameters are essential for 
video applications and demonstrate how well the signal path 
maintains a constant small-signal gain and phase for the 
low-level color subcarrier at 4.43MHz (PAL) or 3.58MHz 
(NSTC) as the brightness (luminance) signal is ramped 
through its specified range. The bipolar construction also 
ensures that the input impedance remains high and constant 
between ON and OFF states. The ON/OFF input capacitance 
ratio is near unity, and does not vary with power supply 
voltage variations. The low output capacitance of 1.5pF 
when no channel is selected is a very important parameter 
for large distribution fields. Each parallel output capacitance 
is an additional load and reduces the overall system band- 
width. 

Bipolar video crosspoint switches are virtually glitch-free 
when compared to signal switches using CMOS or DMOS 
devices. The MPCIOO operates with a fast make-before- 
break switching action to keep the output switching tran- 
sients small and short. Switching from one channel to 
another causes the signal to mix at the output for a short 
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time, but it hardly interferes with the input signals. The 
transient peaks remain less than +2.5mV and -1.2mV. 
Subsequent equipment might interpret large negative output 
glitches as synchronization pulses. To remove this problem, 
the output must be clamped during the switching dead time. 
With the MPC100, the generated output transients are ex- 
tremely small and clamping is unnecessary. The switching 
time between two channels is less than 0.5ps. This short 
time period allows easy switching during the vertical blank- 
ing time. The signal envelope during the transition from one 
channel to another rises and falls symmetrically and shows 
less overshooting or DC settling transients. 

Power consumption is a serious problem when designing 
large crosspoint fields with high component density. Most of 
the buffers are always in off-state. One important design 
goal was to attain low off-state quiescent current when no 
channel is selected. The low supply current of ±230pA in 
off-state and ±4.6mA when one channel is selected, as well 
as the reduced ±5 V supply voltage, conserves power, simpli- 
fies the power supply design, and results in cooler, more 
reliable operation. 

CIRCUIT LAYOUT 

The high-frequency performance of the MPC100 can be 
greatly affected by the physical layout of the circuit. The 
following tips are offered as suggestions, not as absolutes. 
Oscillations, ringing, poor bandwidth and settling, higher 
crosstalk, and peaking are all typical problems which plague 
high-speed components when they are used incorrectly. 

• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors (approximately 2.2pF), a parallel 
470pF ceramic chip capacitor may be added if desired. 
Surface-mount types are recommended due to their low 
lead inductance. 

• PC board traces for signal and power lines should be wide 
to reduce impedance or inductance. 

• Make short and low inductance traces. The entire physical 
circuit should be as small as possible. 

• Use a low-impedance ground plane on the component side 
to ensure that low-impedance ground is available through- 
out the layout. Grounded traces between the input traces 
are essential to achieve high interchannel crosstalk rejec- 
tion. Refer to the suggested layout shown in Figure 9. 

• Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances, such as the buffer’s 
input terminals. 

• Sockets are not recommended, because they add signifi- 
cant inductance and parasitic capacitance. If sockets must 
be used, consider using zero-profile solderless sockets. 

• Use low-inductance and surface-mounted components. 
Circuits using all surface mount components with the 
MPC100AU will offer the best AC-performance. 


• A resistor (100Q to 200Q) in series with the input of the 
buffers may help to reduce peaking. Place the resistor as 
close as possible to the pin. 

• Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techniques is 
essential — there are no shortcuts. 

SUGGESTED LAYOUT 

A completely assembled and tested demonstration board is 
available for the MPC100AU to speed prototyping. This 
board allows easy and fast performance testing during the 
design phase and for product qualification. The user can 
qualify the most important parameters within hours instead 
of days, while avoiding the hassles of an optimized board 
layout and power supply bypassing. The complete AC char- 
acterization was performed with the same type. Figure 10 
shows the schematic and Figure 9 the silk screen and the 
double-sided layout. Request DEM-MPC100-1GC. 
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CROSSTALK 



FIGURE 3. All Hostile Crosstalk Test Circuit 1 . FIGURE 4. All Hostile Crosstalk. (1) 



FIGURE 5. All Hostile Crosstalk Test Circuit 2. FIGURE 6. All Hostile Crosstalk. (1) 



FIGURE 7. Off Isolation Crosstalk Test Circuit. FIGURE 8. Off Isolation Crosstalk. 


NOTE: (1 ) An optimized multilayer board layout makes it possible to achieve a 
crosstalk performance at 30MHz better than -70dB. 
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FIGURE 9. Silk Screen and Board Layout of DEM-MPC100-1GC. 



FIGURE 10. Circuit Schematic DEM-MPC100-1GC. 
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FIGURE 11. Video Distribution Field. 
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FIGURE 12. Digital Gain Control. 



FIGURE 13. High Speed Data Acquisition System. 
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FIGURE 14. Distribution Field for High Resolution Graphic Cards, Cameras. 
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FIGURE 18. Serial Bus-Controlled Distribution Field. 
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Wide-Bandwidth 

DUAL 2 x 1 VIDEO MULTIPLEXER 


The MPC102 consists of four identical monolithic, 
integrated, open-loop buffer amplifiers. Two buffer 
outputs are each connected internally at the output. 
The bipolar complementary buffers form a unidirec- 
tional transmission path and offer extremely high 
output-to-input isolation. The MPC102 multiplexer 
enables the user to connect one of two input signals to 
the corresponding output. The output of the multi- 
plexer is in a high-impedance state when no channel is 
selected. When one channel is selected with a digital 
“1” at the corresponding SEL input, the component 
acts as a buffer with high input impedance and low 
output impedance. 

The wide bandwidth of over 210MHz at 1.4Vp-p 
signal level, high linearity and low distortion, and low 
input voltage noise of 4nV//Hz make this crosspoint 
switch suitable for RF and video applications. All 
performance is specified with ±5V supply voltage, 
which reduces power consumption in comparison with 
±15V designs. The multiplexer is available in a space- 
saving 14-pin SO and DIP packages. Both are de- 
signed and specified for operation over the industrial 
temperature range (-40°C to +85°C.) 


FEATURES 

• BANDWIDTH: 210MHz (1.4Vp-p) 

• LOW INTERCHANNEL CROSSTALK: 
-68dB (30MHz, SO); -58dB (30MHz, DIP) 

• LOW SWITCHING TRANSIENTS: 
+6mV/-8mV 

• LOW DIFFERENTIAL GAIN/PHASE 
ERRORS: 0.02%, 0.02° 

• LOW QUIESCENT CURRENT: 

One Channel Selected: ±4.6mA 
No Channel Selected: ±250jiA 

APPLICATIONS 

• VIDEO ROUTING AND MULTIPLEXING 
(CROSSPOINTS) 

• RADAR SYSTEMS 

• DATA ACQUISITION 

• INFORMATION TERMINALS 

• SATELLITE OR RADIO LINK IF ROUTING 


DESCRIPTION 

The MPC102 is dual, wide-bandwidth, 2-to-l channel 
video signal multiplexer, which can be used in a wide 
variety of applications. 

It was designed for wide-bandwidth systems, includ- 
ing high-definition television and broadcast equip- 
ment. Although it is primarily used to route video 
signals, the harmonic and dynamic attributes of the 
MPC102 also make it appropriate for other analog 
signal routing applications such as radar, communica- 
tions, computer graphics, and data acquisition sys- 
tems. 



TRUTH TABLE 
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sel 3 
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v 

V OUT1 
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¥ OUT2 

0 

0 

0 

0 
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Hl-Z 

1 

0 
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0 
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Hl-Z 

0 

1 

0 

0 

!N 2 

Hl-Z 

0 
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0 

Hl-Z 
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0 

0 
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SPECIFICATIONS 


ELECTRICAL 

At V cc = ±5VDC, R l = 10kQ, R in = 150Q, R S0U rce = 50Q, and t a = +25°C, unless otherwise noted. 




MPC102AP/AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS | 

INPUT OFFSET VOLTAGE 

Initial 



14 

±30 

mV 

vs Temperature 



60 


pV/°C 

vs Supply (Tracking) 

V cc = ±4.5V to ±5.5V 

-40 

-80 


dB 

vs Supply (Non-tracking) 

V cc = +4.5V to +5.5V 


-50 


dB 

vs Supply (Non-tracking) 

V cc = -4.5V to -5.5V 


-50 


dB 

Initial Matching 

All Four Buffers 


3 


mV 

INPUT BIAS CURRENT 

Initial 



4 

±10 

HA 

vs Temperature 



20 


nA/°C 

vs Supply (Tracking) 

V cc = ±4.5V to ±5.5V 


±710 


nA/V 

vs Supply (Non-tracking) 

V cc = +4.5V to +5.5V 


0.26 


jlxA/V 

vs Supply (Non-tracking) 

V cc = —4.5V to -5.5V 


1.7 


pA/V 

INPUT IMPEDANCE 

Resistance 

Channel On 


0.88 


MQ 

Capacitance 

Channel On 


1.0 


PF 

Capacitance 

Channel Off 


1.0 


PF 

INPUT NOISE 

Voltage Noise Density 

f nilT = 20kHz to 10MHz 


4.0 


nV/VHz 

Signal-to-Noise Ratio 

S/N = 0.7/V n • V5MHz 


-98 


dB 

INPUT VOLTAGE RANGE 

Gain Error = 10% 


±3.6 


V 

TRANSFER CHARACTERISTICS 

Voltage Gain 

R l = IkQ, V, N = ±2V 


0.982 


V/V 


R l = 10kQ, V IN = ±2V 

0.98 

0.992 


V/V 

RATED OUTPUT 

Voltage 

G > 0.97, R l = 10kQ 

±2.8 

3.0 


V 

Resistance 

One Channel Selected 


11 


Q 

Resistance 

No Channel Selected 


900 


MQ 

Capacitance 

No Channel Selected 


1.5 


PF 

POWER SUPPLY 

Rated Voltage 



±5 


V 

Derated Performance 


±4.5 


±5.5 

V 

Quiescent Current 

One Channel Selected 


±4.6 


mA 


No Channel Selected 


±250 

±350 

pA 

Rejection Ratio 



-80 


dB 


CONNECTION DIAGRAM PIN DESCRIPTION 


PIN 

DESCRIPTION 

IN,, IN 2 

Analog Inputs Channel 1 and 2 

in 3 , in 4 

Analog Inputs Channel 3 and 4 

GND 

Analog Shielding— Grounds Not Internally Connected 

SEL„ SELj 

Channel Selection Inputs 

^OUTI 

Analog Output 1 

^OUT2 

Analog Output 2 

— ^CC 

Negative Supply Voltage; typical -5VDC 

+v cc 

Positive Supply Voltage; typical +5VDC 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At V cc = +5VDC, R l = 10kQ, R IN = 1500, R SO urce = 500, and t a = +25°C, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MPC102AP/AU 

UNITS 

MIN 

TYP 

MAX 

AC CHARACTERISTICS 

FREQUENCY DOMAIN 

LARGE SIGNAL BANDWIDTH (~3dB) 

V OUT « 5.0Vp-p, C 0UT = IpF 


55 


MHz 


V OUT = 2.8Vp-p, C OUT = IpF 


100 


MHz 


V 0UT = 1.4Vp-p, C OUT = IpF 


210 


MHz 

SMALL SIGNAL BANDWIDTH 

V OUT = 0.2Vp-p, C OUT = IpF 


370 


MHz 

GROUP DELAY TIME 



450 


ps 

DIFFERENTIAL GAIN 

f = 4.43MHz, V IN = 0.3Vp-p 






VDC = 0 to 0.7V 


0.02 


% 

DIFFERENTIAL PHASE 

f = 4.43MHz, V IN = 0.3Vp-p 






VDC = 0 to 0.7V 


0.02 


Degrees 

GAIN FLATNESS PEAKING 

V OUT = 0.2Vp-p, DC to 30MHz 


0.04 


dB 


V OUT = 0.2Vp-p, DC to 100MHz 


0.05 


dB 

HARMONIC DISTORTION 

f = 30MHz, V 0UT = 1.4Vp-p, R l = 3500 





Second Harmonic 



-64 


dBc 

Third Harmonic 



-66 


dBc 

CROSSTALK 

Vin = 1 -4Vp-p 





MPC102AP All Hostile 

f = 5MHz, 


-75 


dB 


f = 30MHz, 


-58 


dB 

Off Isolation 

f = 5MHz, 


-70 


dB 


f = 30MHz, 


-71 


dB 

MPC102AU All Hostile 

f = 5MHz, 


-78 


dB 


f = 30MHz, 


-68 


dB 

Off Isolation 

f = 5MHz, 


-75 


dB 


f = 30MHz 


-76 


dB 

TIME DOMAIN 






RISE/FALL TIME 

V OUT = 1.4Vp-p, Step 10% to 90% 






^OUT = ^ > f^OUT = 220 


2.5 


ns 

SLEW RATE 

V OUT = 1 .4Vp-p 






Cour= IpF 


500 


V/ns 


^out = 22pF 


360 


V/ps 


Cqut = 47pF 


260 


V/ps 


SPECIFICATIONS 

ELECTRICAL (FULL TEMPERATURE RANGE -40°C TO +85°C ) 


At V cc = ±5VDC, R l = 10kO, R, N = 1500, R SO urce = 500, and T A = T M)N to T MAX , unless otherwise noted. 




MPC102AP/AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OFFSET VOLTAGE 



14 

±35 

mV 

TRANSFER CHARACTERISTICS 

Voltage Gain 

R l = lOkO 

0.95 

0.992 

0.997 

V/V 

INPUT BIAS CURRENT 



+4 

±10 

MA 

RATED OUTPUT 

Voltage Output 

G > 0.90, R l = lOkO 

±2.8 

±3.8 

±4 

V 

POWER SUPPLY 

Quiescent Current 

One Channel Selected 

No Channel Selected 


±4.6 

±250 

±5.5 

±350 

mA 

pA 
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CHANNEL SELECTION 




MPC102AP/AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SELECTION INPUTS 






Logic 1 Voltage 




V cc +0-6 

V 

Logic 0 Voltage 


+2 


+0.8 

V 

Logic 1 Current 

V sel = 5.0V 

75 

100 

125 

M-A 

Logic 0 Current 

V S el = 0-8V 


0.002 

5 

pA 

SWITCHING CHARACTERISTICS 

V IN = -0.3V to +0.7V, f = 5MHz 





SEL to Channel ON Time 

90% Point of V 0UT = IVp-p 


0.25 


ps 

SEL to Channel OFF Time 

10% Point of V 0UT = IVp-p 


0.25 


M-S 

Switching Transient, Positive 

Measured While Switching 


6 


mV 

Switching Transient, Negative 

Between Two Grounded Channels 


-8 


mV 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage (±V CC ) ±6VDC 

Analog Input Voltage (IN n through IN 4 ) ±V CC ,±0.7V 

Operating Temperature -40°C to +85°C 

Storage Temperature -40°C to +125°C 

Output Current ±6mA 

Junction Temperature +150°C 

Lead Temperature (soldering, 10s) +300°C 

Digital Input Voltages (SEL, through SEL 4 ) -0.5V to +V CC +0.7V 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

MPC102AP 

14-Pin DIP 

010 

MPC102AU 

14-Pin SOIC 

235 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

DESCRIPTION 

TEMPERATURE RANGE 

MPC102AP 

MPC102AU 

14-Pin Plastic DIP 
14-Pin SOIC 

-40°C to +85°C 
-40°C to +85°C 


DICE INFORMATION 



MPC102AD DIE TOPOGRAPHY 


PAD 

FUNCTION 

1 

Input 1 

2 

Ground 

3 

Input 2 

4 

+5 V Supply 

5 

Input 3 

6 

Ground 

7 

Input 4 

8 

Select 4 

9 

Select 3 

10 

Output 2 

11 

-5 V Supply 

12 

Output 1 

13 

Select 2 

14 

Select 1 


Substrate Bias: Negative Supply. 

NC: No Connection. 

Wire Bonding: Gold wire bonding is recommended. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

51 x 76 ±5 

1.295x1. 93 ±0.1 3 

Die Thickness 

1 4 ±1 

0.55 ±0.025 

Min. Pad Size 

4x4 

0.10x0.10 

Backing: Titanium 0.02, +0.05, 
-0.0 

0.0005, +0.0013, 
-0.0 

Gold 

0.30, ±0.05 

0.0076, ±0.0013 


mm 
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TYPICAL PERFORMANCE CURVES 

At V cc = ±5VDC, R load = 10kQ, R IN = 150Q, R source = 50Q, and T A = +25°C, unless otherwise noted. 



-40 -20 0 20 40 60 80 100 

Temperature (°C) 




-40 -20 0 20 40 60 80 100 

Temperature (°C) 


INPUT IMPEDANCE vs FREQUENCY 



Frequency (Hz) 


a- 

3 

o 


OUTPUT IMPEDANCE vs FREQUENCY 



Frequency (Hz) 



TOTAL POSITIVE QUIESCENT CURRENT 
vs TEMPERATURE 









One 

Channe 

1 Select* 

id 











— 



u= 



■ 






























TOTAL POSITIVE QUIESCENT CURRENT 



-40 -20 0 20 40 60 80 100 


-40 -20 0 20 40 60 80 100 


Temperature (°C) 


Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R load = lOkfl, R in = 150Q, R source = 50Q, and T A = +25°C, unless otherwise noted. 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

Input Voltage (V) 


INPUT VOLTAGE NOISE SPECTRAL DENSITY 



Frequency (Hz) 



20 

15 

10 

5 

0 

-5 

-10 

-15 

-20 


SWITCHING TRANSIENTS 
(Channel-to-Channel) 


40 60 80 100 120 140 160 180 200 

Time (ns) 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

Input Voltage (V) 


SWITCHING ENVELOPE 
(Channel-to-Channel Switching) 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

Time (ps) 




20 

15 

10 

5 

0 

-5 

-10 

-15 

-20 


20 40 60 80 100 120 140 160 180 200 

Time (ns) 


SWITCHING TRANSIENTS 
(Channel-to-Channel) 


mm 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R load = 10kQ, R IN = 150Q, R source = 50Q, and T A = +25°C, unless otherwise noted. 


SMALL SIGNAL PULSE RESPONSE 
150 


100 


50 


0 


-50 


-100 


-150 

0 20 40 60 80 100 

Time (ns) 

Cqut = 1 P F ’ We “ t fall = 2ns 
(Generator), V, N = 0.2Vp-p 







/WVVV/ ■ wv '' 

n 




r 










n 











r 








SMALL SIGNAL PULSE RESPONSE 
150 

100 

> 

E 50 


| -50 
O 

-100 
-150 

0 20 40 60 80 100 








~\ 




— 

















J 








Time (ns) 

^OUT = 47pF, ^RISE = t FALL = 2nS 

(Generator), V, N = 0.2Vp-p 


LARGE SIGNAL PULSE RESPONSE 





















• 



















0 20 40 60 80 100 



0 20 40 60 80 100 


Time (ns) 

Gout = 1 PF> We = * fall = 5ns 
(Generator), V )N = 5Vp-p 


Time (ns) 

^out = 47pF, t R!SE = t FALL = 5ns 
(Generator), V, N = 5Vp-p 



1M 10M 100M 1G 

Frequency (Hz) 


BANDWIDTH vs C OUT WITH RECOMMENDED R OUT 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R load = 10kQ, R |N = 1 50^2, R source = 50Q, and T A = +25°C, unless otherwise noted. 


GAIN FLATNESS 












n 







T 


































L 


t 
















... 






1 








r 























V 













l: 





L. 


j 

_ T[ 



V IN = 0.2Vp-p 

1 1 11 1 1 







_ 


J 

t 


1M 10M 100M 1G 

Frequency (Hz) 



1 M 10M 100M 1G 

Frequency (Hz) 



1M 10M 100M 1G 


Frequency (Hz) 


30MHz HARMONIC DISTORTION 



30M 60M 90M 

Frequency (Hz) 

Vqijt = 1 -4Vp-p, R l = 350£2, C 0UT = IpF 



1 M 10M 100M 1G 

Frequency (Hz) 


ON/OFF CHARACTERISTIC 





: pff ; 

■1 


# 



0 0.2 0.4 0.6 0.8 0 1.2 1.4 1.6 1.8 2.0 

Time (p.s) 
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APPLICATIONS INFORMATION 

The MPC102 operates from ±5V power supplies (±6V 
maximum). Do not attempt to operate with larger power 
supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited or protected. If the output is 
shorted to ground, currents up to 18mA could flow. Momen- 
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent damage. 

INPUT PROTECTION 

As shown below, all pins on the MPC102 are internally 
protected from ESD by a pair of back-to-back reverse-biased 
diodes to either power supply. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation can occur with loss of the 
amplifier’s power supplies while a signal source is still 
present. The diodes can typically withstand a continuous 
current of 30mA without destruction. To insure long term 
reliability, however, diode current should be externally lim- 
ited to 10mA whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ad- 
equate ESD protection for most normal handling proce- 
dures. However, static damage can cause subtle changes in 
the characteristics of the buffer amplifier input without 
necessarily destroying the device. In precision buffer ampli- 
fiers, such damage may cause a noticeable degradation of 
offset voltage and drift. Therefore, static protection is strongly 
recommended when handling the MPC102. 

Static damage has been well-recognized as a problem for 
MOSFET devices, but any semiconductor device deserves 
protection from this potentially damaging source. The 
MPC102 incorporates on-chip ESD protection diodes as 
shown in Figure 1. Thus the user does not need to add 
external protection diodes, which can add capacitance and 
degrade AC performance. 



FIGURE 1. Internal ESD Protection. 


DISCUSSION 
OF PERFORMANCE 

The MPC102 is a dual, 2x1, wide-band analog signal 
multiplexer. It allows the user to connect one of the two 
inputs (IN,/IN 2 or IN 3 /IN 4 ) to the corresponding output. The 
switching speed between two input channels is typically less 
than 300ns. 


However, in contrast to signal switches using CMOS or 
DMOS transistors, the switching transients were kept very 
low at +6mV and -8mV. The MPC102 consists of four 
identical unity-gain buffer amplifiers, respectively. Two of 
the four amplifiers are connected together internally at the 
output. The open-loop buffer amps, which consist of comple- 
mentary emitter followers, apply no feedback so their low- 
frequency gain is slightly less than unity and somewhat 
dependent on loading. Unlike devices using MOS bilateral 
switching elements, the bipolar complementary buffers form 
a unidirectional transmission path, thus providing high out- 
put-to-input isolation. Switching stages compatible to TTL- 
level digital signals are provided for each buffer to select the 
input channel. When no channel is selected, the outputs of 
the device are high-impedance and allow the user to wire 
several MPC102s together to create multichannel switch 
matrices. 

Chip select logic is not integrated. The selected design 
increases the flexibility of address decoding in complex 
distribution fields, eases BUS-controlled channel selection, 
simplifies channel selection monitoring for the user, and 
lowers transient peaks. All of these characteristics make the 
multiplexer, in effect, a quad switchable high-speed buffer. 
The buffers require DC coupling and termination resistors 
when driven directly from a low-impedance cable. High- 
current output amplifiers are recommended when driving 
low-impedance transmission lines or inputs. 

An advanced complementary bipolar process, consisting of 
pn-junction isolated, high-frequency NPN and PNP transis- 
tors, provides wide bandwidth while maintaining low 
crosstalk and harmonic distortion. The single chip band- 
width of over 210MHz at an output voltage of 1.4Vp-p 
allows the design of multi-channel crosspoint or distribution 
fields in HDTV-quality with an overall system bandwidth of 
36MHz, or in quality for high resolution graphic and imag- 
ing systems with 200MHz system bandwidth. The buffer 
amplifiers also offer low differential gain (0.02%) and phase 
(0.02°) errors. These parameters are essential for video 
applications and demonstrate how well the signal path main- 
tains a constant small-signal gain and phase for the low-level 
color subcarrier at 4.43MHz (PAL) or 3.58MHz (NSTC) as 
the luminance signal is ramped through its specified range. 
The bipolar construction also ensures that the input imped- 
ance remains high and constant between ON and OFF states. 
The ON/OFF input capacitance ratio is near unity, and does 
not vary with power supply voltage variations. The low 
output capacitance of 1.5pF when no channel is selected is 
a very important parameter for large distribution fields. Each 
parallel output capacitance is an additional load and reduces 
the overall system bandwidth. 

Bipolar video crosspoint switches are virtually glitch-free 
when compared to signal switches using CMOS or DMOS 
devices. The MPC102 operates with a fast make-before- 
break switching action to keep the output switching tran- 
sients small and short. Switching from one channel to 
another causes the signal to mix at the output for a short 
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time, but it hardly interferes with the input signals. The 
transient peaks remain less than +6mV and -8mV. The 
generated output transients are extremely small, so DC 
clamping during switching between channels is unneces- 
sary. DC clamping during the switching dead time is re- 
quired to avoid synchronization by large negative output 
glitches in subsequent equipment. 

The SEL-to-channel-ON time is typically 25ns and always 
shorter than the typical SEL-to-channel-OFF time of 250ns. 
In the worst case, an ON/OFF margin of 150ns ensures safe 
switching even for timing spreads in the digital control 
latches. The short interchannel switching time of 300ns 
allows channel change during the vertical blanking time, 
even in high-resolution graphic or broadcast systems. As 
shown in the typical performance curves, the signal enve- 
lope during transition from one channel to another rises and 
falls symmetrically and shows less overshooting and DC 
settling effects. 

Power consumption is a serious problem when designing 
large crosspoint fields with high component density. Most of 
the buffer amplifiers are in the off-state. One important 
design goal was to attain low off-state quiescent current 
when no channel is selected. The low supply current of 
±250pA when no channel is selected and ±4.6mA when one 
channel is selected, as well as the reduced ±5V supply 
voltage, conserves power, simplifies the power supply de- 
sign, and results in cooler, more reliable operation. 

CIRCUIT LAYOUT 

The high-frequency performance of the MPC102 can be 
greatly affected by the physical layout of the circuit. The 
following tips are offered as suggestions, not as absolutes. 
Oscillations, ringing, poor bandwidth and settling, higher 
crosstalk, and peaking are all typical problems which plague 
high-speed components when they are used incorrectly. 

• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors (approximately 2.2pF), a parallel 
470pF ceramic chip capacitor may be added if desired. 
Surface-mount types are recommended due to their low 
lead inductance. 

• PC board traces for signal and power lines should be wide 
to reduce impedance or inductance. 

• Make short and low inductance traces. The entire physical 
circuit should be as small as possible. 

• Use a low-impedance ground plane on the component side 
to ensure that low-impedance ground is available through- 
out the layout. Grounded traces between the input traces 
are essential to achieve high interchannel crosstalk rejec- 
tion. 

• Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances, such as the buffer’s 
input terminals. 

• Sockets are not recommended, because they add signifi- 
cant inductance and parasitic capacitance. If sockets must 
be used, consider using zero-profile solderless sockets. 


•Use low-inductance and surface-mounted components. 
Circuits using all surface mount components with the 
MPC102 will offer the best AC-performance. 

• A resistor (100Q to 20012) in series with the input of the 
buffers may help to reduce peaking. Place the resistor as 
close as possible to the pin. 

• Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techniques is 
essential — there are no shortcuts. 

SUGGESTED LAYOUT 

A completely assembled and tested demonstration board is 
available for the MPC102 to speed prototyping. This board 
allows easy and fast performance testing during the design 
phase and for product qualification. The user can qualify the 
most important parameters within hours instead of days, 
while avoiding the hassles of an optimized board layout and 
power supply bypassing. The demo board is available as 
DEM-MPC102-1GC. Please contact your local sales office 
to receive more information. 



FIGURE 2. Simplified Circuit Diagram. 
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FIGURE 3. All Hostile Crosstalk Test Circuit 1. 
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FIGURE 4. Interchannel Crosstalk. 



FIGURE 6. Off Isolation Crosstalk. 


50Q v, N1 1500 


V IN = 1.4Vp-p | 

FIGURE 5. Off Isolation Crosstalk Test Circuit 2. 
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FIGURE 8. Silk Screen and Board Layout of DEM-MPC 102-1 GC. 
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FIGURE 9. Dual 2x1 Video Multiplexer. 


FIGURE 10. Signal Source to GND Switch. 
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FIGURE 11.2x1 Multiplexer for Differential Analog and Digital ECL Data. 



FIGURE 12. 1 x 2 Demultiplexer. 
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FIGURE 16. Serial Bus-Controlled Distribution Field. 
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MPC104 


Wide-Bandwidth 
2 x 1 VIDEO MULTIPLEXER 


FEATURES 

• BANDWIDTH: 210MHz (1.4Vp-p) 

• LOW INTERCHANNEL CROSSTALK: 

-79dB (30MHz, SO); -77dB (30MHz, DIP) 

• LOW SWITCHING TRANSIENTS: 
+13mV/-4mV 

• LOW DIFFERENTIAL GAIN/PHASE 
ERRORS: 0.03%, 0.01° 

• LOW QUIESCENT CURRENT: 

One Channel Selected: ±4.6mA 
No Channel Selected: ±120jiA 

APPLICATIONS 

• VIDEO ROUTING AND MULTIPLEXING 
(CROSSPOINTS) 

• RADAR SYSTEMS 

• DATA ACQUISITION 

• INFORMATION TERMINALS 

• SATELLITE OR RADIO LINK IF ROUTING 

DESCRIPTION 

The MPC104 is a wide-bandwidth, 2-to-l channel 
video signal multiplexer, which can be used in a wide 
variety of applications. 

It was designed for wide-bandwidth systems, includ- 
ing high-definition television and broadcast equip- 
ment. Although it is primarily used to route video 
signals, the harmonic and dynamic attributes of the 
MPC104 also make it appropriate for other analog 
signal routing applications such as radar, communica- 
tions, computer graphics, and data acquisition sys- 
tems. 


The MPC104 consists of two identical monolithic, 
integrated, open-loop buffer amplifiers, which are 
connected internally at the output. The bipolar comple- 
mentary buffers form a unidirectional transmission 
path and offer extremely high output-to-input isola- 
tion. The MPC104 multiplexer enables the user to 
connect one of two input signals to the output. The 
output of the multiplexer is in a high-impedance state 
when no channel is selected. When one channel is 
selected with a digital “1” at the corresponding SEL 
input, the component acts as a buffer with high input 
impedance and low output impedance. 

The wide bandwidth of over 210MHz at 1.4Vp-p 
signal level, high linearity and low distortion, and low 
input voltage noise of 5nV/ ^/Hz make this crosspoint 
switch suitable for RF and video applications. All 
performance is specified with ±5V supply voltage, 
which reduces power consumption in comparison with 
±15V designs. The multiplexer is available in a space- 
saving 8 -pin SO and DIP packages. Both are designed 
and specified for operation over the industrial tem- 
perature range (-40°C to +85°C.) 



TRUTH TABLE 
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SPECIFICATIONS-dc characteristics 


ELECTRICAL 

At V cc = ±5VDC, R l = 10kQ, R, N = 100Q, R S0U rce = 50Q, and t a = +25°C, unless otherwise noted. 




MPC104AP, AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT OFFSET VOLTAGE 

Initial 



14 

±30 

mV 

vs Temperature 



60 


pV/°C 

vs Supply (Tracking) 

V cc = ±4.5V to ±5.5V 

-40 

-80 


dB 

vs Supply (Non-tracking) 

V cc = +4.5V to +5.5V 


-50 


dB 

vs Supply (Non-tracking) 

V cc = -4.5V to -5.5V 


-50 


dB 

Initial Matching 

All Buffers 


3 


mV 

INPUT BIAS CURRENT 

Initial 



5 

±10 

pA 

vs Temperature 



20 


nA/°C 

vs Supply (Tracking) 

V cc = +4.5V to ±5.5V 


±710 


nA/V 

vs Supply (Non-tracking) 

V cc = +4.5V to +5.5V 


0.26 


pA/V 

vs Supply (Non-tracking) 

V cc = —4.5V to -5.5V 


1.7 


pA/V 

INPUT IMPEDANCE 

Resistance 

Channel On 


0.88 


MQ 

Capacitance 

Channel On 


1.0 


PF 

Capacitance 

Channel Off 


1.0 


PF 

INPUT NOISE 

Voltage Noise Density 

f OUT = 20kHz to 10MHz 


5 


nV/Vhfc 

Signal-to-Noise Ratio 

S/N = 0.7/V N • \'5MHz 


-96 


dB 

INPUT VOLTAGE RANGE 

Gain Error = 10% 


±3.6 


V 

TRANSFER CHARACTERISTICS 

Voltage Gain 

R l = IkQ, V 1N = ±2 V 


0.982 


V/V 


R l = 10kQ, V )N = ±2.8V 

0.98 

0.992 


V/V 

RATED OUTPUT 

Voltage 

V IN = ±3V 

±2.8 

±2.97 


V 

Resistance 

One Channel Selected 


12.5 


Q 

Resistance 

No Channel Selected 


900 


Mil 

Capacitance 

No Channel Selected 


1.2 


PF 

CHANNEL SELECTION INPUTS 

Logic 1 Voltage 


+2 


V cc +0-6 

V 

Logic 0 Voltage 




+0.8 

V 

Logic 1 Current 

V SEL = 5.0V 

75 

100 

125 

pA 

Logic 0 Current 

V SEL = 0.8V 


0.002 

5 

pA 

SWITCHING CHARACTERISTICS 

V, = -0.3V to +0.7V, f = 5MHz 





SEL to Channel ON Time 

90% Point of V OUT - IVp-p 


0.13 


ps 

SEL to Channel OFF Time 

10% Point of V OUT = IVp-p 


0.17 


ps 

Switching Transient, Positive 

(Measured While Switching 


+13 


mV 

Switching Transient, Negative 

Between Two Grounded Channels) 


-4 


mV 

POWER SUPPLY 

Rated Voltage 



±5 


V 

Derated Performance 


±4.5 


±5.5 

V 

; Quiescent Current One Channel Selected, Over Temperature 

±4.6 

±5.3 

mA 


No Channel Selected, Over Temperature 


±120 

±175 

pA 

Rejection Ratio 



-80 


dB 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS- ac characteristics 


ELECTRICAL 

At V cc = ±5VDC, R l = 10kQ, R IN = 100Q, R SO urce = 500, ancl t a = +25°C, unless otherwise noted. 




MPC104AP, AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

LARGE SIGNAL BANDWIDTH (-3dB) 

V OUT = 5-OVp-p, C OUT = IpF 


55 


MHz 


V OUT = 2.8Vp-p, C OUT = 1 pF 


101 


MHz 


Vout = 1 -4Vp-p, C OUT = IpF 


210 


MHz 

SMALL SIGNAL BANDWIDTH 

Vout = 0.2Vp-p, C OUT = IpF 


590 


MHz 

GROUP DELAY TIME 



550 


ps 

DIFFERENTIAL GAIN 

f = 4.43MHz, V IN = 0.3Vp-p 






VDC = 0 to 0.7V 


0.03 


% 

DIFFERENTIAL PHASE 

f = 4.43MHz, V )N = 0.3Vp-p 






VDC = 0 to 0.7V 


0.01 


Degrees 

GAIN FLATNESS PEAKING 

V 0UT = 0.2Vp-p, DC to 30MHz 


0.05 


dB 


V OUT = 0.2Vp-p, DC to 100MHz 


0.07 


dB 

HARMONIC DISTORTION 

f = 30MHz, V OUT = 1 ,4Vp-p 





Second Harmonic 



-63 


dBc 

Third Harmonic 



-65 


dBc 

CROSSTALK 

V 1N = 1.4Vp-p 





MPC104AP All Hostile 

f = 5MHz, 


-90 


dB 


f = 30MHz, 


-77 


dB 

Off Isolation 

f = 5MHz, 


-93 


dB 


f = 30MHz, 


-81 


dB 

MPC104AU All Hostile 

f = 5MHz, 


-95 


dB 


f = 30MHz, 


-79 


dB 

Off Isolation 

f = 5MHz, 


-93 


dB 


f = 30MHz 


-86 


dB 

RISE/FALL TIME 

V 0UT = 1.4Vp-p, Step 10% to 90% 






C OUT = IpF, R out = 220 


2.3 


ns 

SLEW RATE 

Vout=1-4V P -P 






C OUT = IPF 


500 


V/(AS 


C OUT = 22pF 

| 

360 


V/jjs 


C OUT = 47pF 


260 


V/ps 


mm 
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CONNECTION DIAGRAM 


Top View SO/DIP 



ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage (±V CC ) ±6VDC 

Analog Input Voltage (IN, through IN 2 ) ±V CC ,±0.7V 

Operating Temperature -40°C to +85°C 

Storage Temperature -40°C to +125°C 

Output Current ±6mA 

Junction Temperature +150°C 

Lead Temperature (soldering, 10s) +300°C 

Digital Input Voltages (SEL, through SEL 2 ) -0.5V to +V CC +0.7V 


PIN DESCRIPTION 


PIN 

DESCRIPTION 

IN,, IN 2 

Analog Input Channels 

GND 

Analog Input Shielding Grounds, Not Internally Connected 

SEL,, SEL 2 

Channel Selection Inputs 

Vour 

Analog Output; tracks selected channel 

~v cc 

Negative Supply Voltage; typical -5VDC 

+v cc 

Positive Supply Voltage; typical +5VDC 


PACKAGE INFORMATION^ 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

MPC104AP 

8-Pin DIP 

006 

M PCI (MALI 

8-Pin SOIC 

182 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

DESCRIPTION 

TEMPERATURE RANGE 

MPC104AP 

MPC104AU 

8-Pin Plastic DIP 
8-Pin SOIC 

-40°C to +85°C 
-40°C to +85°C 


DICE INFORMATION 



PAD 

FUNCTION 


Input 1 


Ground 


+5V Supply 


Input 2 


Select 2 


Output 

7 

-5V Supply 

8 

Select 1 


Substrate Bias: Negative Supply. 

NC: No Connection. 

Wire Bonding: Gold wire bonding is recommended. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

44 x 47 ±5 

1 .13 x 1.19±0.13 

Die Thickness 

14 ±1 

0.55 ±0.025 

Min. Pad Size 

4x4 

0.10x0.10 

Backing: Titanium 0.02, +0.05, 
-0.0 

0.0005, +0.0013, 
-0.0 

Gold 

0.30, ±0.05 

0.0076, ±0.0013 


MPC104AD DIE TOPOGRAPHY 
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TYPICAL PERFORMANCE CURVES 

At V cc = +5VDC, R l = 10kQ, R in = 10012, R SO urce = 50Q, and t a = +25°C, unless otherwise noted. 


INPUT OFFSET VOLTAGE vs TEMPERATURE 



Temperature (°C) 


INPUT BIAS CURRENT vs TEMPERATURE 



Temperature (°C) 


INPUT IMPEDANCE vs FREQUENCY 



Frequency (Hz) 



10k 100k 1M 10M 100M 1G 

Frequency (Hz) 


TOTAL POSITIVE QUIESCENT CURRENT 
vs TEMPERATURE 





id 




One 

Channe 

1 Selecte 



















































i 










-40 -20 0 20 40 60 80 100 


TOTAL POSITIVE QUIESCENT CURRENT 



-40 -20 0 20 40 60 80 100 


Temperature (°C) 


Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = +5VDC, R l = 10k£2, R, n = 100Q, R S ource = 50Q, and T A = +25°C, unless otherwise noted. 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

Input Voltage (V) 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

Input Voltage (V) 



10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 


SWITCHING ENVELOPE 
(Channel-to-Channel Switching) 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Time (ps) 



VoiJTI 


SWITCHING TRANSIENTS 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


+5V | 
0V 


SWITCHING TRANSIENTS 


36MHz Low-Pass Filter 
Acc. Eureka Rec. EU95-PG03 in 
Signal Path 


SEL 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


Time (ps) 


Time (ps) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = lOkft, R, N = 100ft, R SO urce = 50ft, and t a = +25°C, unless otherwise noted. 


SMALL SIGNAL PULSE RESPONSE 



t R isE = Vall = 2ns (Generator) 



0 20 40 60 80 100 

Time (ns) 

V IN = 0.2Vp-p, C 0 ut = 47pF 
tpusE = tp A |_|_ = 2ns (Generator) 




0 20 40 60 80 100 0 20 40 60 80 100 


Time (ns) 

V|n = 4Vp-p, C 0UT = IpF 
Irish = ^fall ~ 2ns (Generator) 


Time (ns) 

V|n = 4Vp-p, C 0 ut = 47pF 
t R isE = tpALL = 2ns (Generator) 


GROUP DELAY TIME vs FREQUENCY 



BANDWIDTH vs C 0UT WITH RECOMMENDED R OUT 



i mm 


Burr-Brown IC Data Book — Data Conversion Products 


5.39 


MULTIPLEXERS Q MPC104 






Harmonic Distortion (dBc) Output (dB) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = 10kQ, R IN = 100Q, R SO urce = 500, and T A = +25°C, unless otherwise noted. 


GAIN FLATNESS 





r~ 






















^0UT : 

= 0 

I 

2V 

( 

it 

p-p 







Vou 

T = 

1.4 

/ 

Vp-f 

1 


*** 

V 



i. 


L. 




L 



1 


_ 


1 


1M 10M 100M 1G 


Frequency (Hz) 



1 M 10M 100M 1G 

Frequency (Hz) 


BANDWIDTH vs R L0AD 






— 



rrm 

R L = lOkft 



— 










Rl 


—i 

50 

DC 



N 

\ 

















1 

\ 












L__ 






1, 


V Ol 

JT ~ 1 - l 


)-p 

1, c 

LJ. 

'OU' 

J-U 

r = 22p 

)F 


L. 






u 


1M 10M 100M 1G 


Frequency (Hz) 


BANDWIDTH MATCHING 


















.. 


1 















A 

c 

Kj 

il 

c 

h2 




i 

i 

















c ( 

il 

DU' 

Tj 

r = 2S 

1 

-PF 

— i 

,\ 

_ 

'o 

L 

LI 

JJL 

2.8Vp 

u 

-P 

1_ 







\ 



1M 10M 100M 1G 

Frequency (Hz) 



Frequency (Hz) 

V 0UT = 1 .4Vp-p, R l = 1 0kfl, C 0UT = 1 pF 


ON/OFF CHARACTERISTIC 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Time (ps) 
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APPLICATIONS INFORMATION 

The MPC104 operates from ±5V power supplies (±6V 
maximum). Do not attempt to operate with larger power 
supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited or protected. If the output is 
shorted to ground, currents up to 18mA could flow. Momen- 
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent damage. 

INPUT PROTECTION 

As shown below, all pins on the MPC104 are internally 
protected from ESD by a pair of back-to-back reverse-biased 
diodes to either power supply. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation can occur with loss of the 
amplifier’s power supplies while a signal source is still 
present. The diodes can typically withstand a continuous 
current of 30mA without destruction. To insure long term 
reliability, however, diode current should be externally lim- 
ited to 10mA whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ad- 
equate ESD protection for most normal handling proce- 
dures. However, static damage can cause subtle changes in 
the characteristics of the buffer amplifier input without 
necessarily destroying the device. In precision buffer ampli- 
fiers, such damage may cause a noticeable degradation of 
offset voltage and drift. Therefore, static protection is strongly 
recommended when handling the MPC104. 

Static damage has been well-recognized as a problem for 
MOSFET devices, but any semiconductor device deserves 
protection from this potentially damaging source. The 
MPC104 incorporates on-chip ESD protection diodes as 
shown in Figure 1. Thus the user does not need to add 
external protection diodes, which can add capacitance and 
degrade AC performance. 


+v cc 

Ai 

External Pin O >- - 

A 


ESD Protection diodes 
internally connected to all pins. 


Internal Circuitry 


FIGURE 1 . Internal ESD Protection. 


DISCUSSION 
OF PERFORMANCE 

The MPC104 is a 2 x 1, wide-band analog signal multi- 
plexer. It allows the user to connect one of the two inputs 
(IN,/IN 2 ) to the output. The switching speed between two 
input channels is typically less than 300ns. 

However, in contrast to signal switches using CMOS or 
DMOS transistors, the switching transients were kept very 


low at +13mV and -4mV. The MPC104 consists of two 
identical unity-gain buffer amplifiers, respectively connected 
together internally at the output. The open-loop buffer amps, 
which consist of complementary emitter followers, apply no 
feedback so their low-frequency gain is slightly less than 
unity and somewhat dependent on loading. Unlike devices 
using MOS bilateral switching elements, the bipolar comple- 
mentary buffers form a unidirectional transmission path, 
thus providing high output-to-input isolation. Switching 
stages compatible to TTL-level digital signals are provided 
for each buffer to select the input channel. When no channel 
is selected, the outputs of the device are high-impedance and 
allow the user to wire several MPC104s together to create 
multichannel switch matrices. 

Chip select logic is not integrated. The selected design 
increases the flexibility of address decoding in complex 
distribution fields, eases BUS-controlled channel selection, 
simplifies channel selection monitoring for the user, and 
lowers transient peaks. All of these characteristics make the 
multiplexer, in effect, a quad switchable high-speed buffer. 
The buffers require DC coupling and termination resistors 
when driven directly from a low-impedance cable. High- 
current output amplifiers are recommended when driving 
low-impedance transmission lines or inputs. I 

An advanced complementary bipolar process, consisting on 
pn-junction isolated, high-frequency NPN and PNP transis- 
tors, provides wide bandwidth while maintaining low 
crosstalk and harmonic distortion. The single chip band- 
width of over 210MHz at an output voltage of 1.4Vp-p 
allows the design of multi-channel crosspoint or distribution 
fields in HDTV -quality with an overall system bandwidth of 
36MHz, or in quality for high resolution graphic and imag- 
ing systems with 200MHz system bandwidth. The buffer 
amplifiers also offer low differential gain (0.03%) and phase 
(0.01°) errors. These parameters are essential for video 
applications and demonstrate how well the signal path main- 
tains a constant small- signal gain and phase for the low-level 
color subcarrier at 4.43MHz (PAL) or 3.58MHz (NSTC) as 
the luminance signal is ramped through its specified range. 
The bipolar construction also ensures that the input imped- 
ance remains high and constant between ON and OFF states. 
The ON/OFF input capacitance ratio is near unity, and does 
not vary with power supply voltage variations. The low 
output capacitance of 1 .2pF when no channel is selected is 
a very important parameter for large distribution fields. Each 
parallel output capacitance is an additional load and reduces 
the overall system bandwidth. 

Bipolar video crosspoint switches are virtually glitch-free 
when compared to signal switches using CMOS or DMOS 
devices. The MPC104 operates with a fast make-before- 
break switching action to keep the output switching tran- 
sients small and short. Switching from one channel to 
another causes the signal to mix at the output for a short 
time, but it hardly interferes with the input signals. The 
transient peaks remain less than +13mV and -4mV. The 
generated output transients are extremely small, so DC 
clamping during switching between channels is unneces- 
sary. DC clamping during the switching dead time is re- 
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quired to avoid synchronization by large negative output 
glitches in subsequent equipment. 

The SEL-to-channel-ON time is typically 25ns and always 
shorter than the typical SEL-to-channel-OFF time of 250ns. 
In the worst case, an ON/OFF margin of 150ns ensures safe 
switching even for timing spreads in the digital control 
latches. The short interchannel switching time of 300ns 
allows channel change during the vertical blanking time, 
even in high-resolution graphic or broadcast systems. As 
shown in the typical performance curves, the signal enve- 
lope during transition from one channel to another rises and 
falls symmetrically and shows less overshooting and DC 
settling effects. 

Power consumption is a serious problem when designing 
large crosspoint fields with high component density. Most of 
the buffer amplifiers are in the off-state. One important 
design goal was to attain low off-state quiescent current 
when no channel is selected. The low supply current of 
±120pA when no channel is selected and ±4.6mA when one 
channel is selected, as well as the reduced ±5V supply 
voltage, conserves power, simplifies the power supply de- 
sign, and results in cooler, more reliable operation. 

CIRCUIT LAYOUT 

The high-frequency performance of the MPC104 can be 
greatly affected by the physical layout of the circuit. The 
following tips are offered as suggestions, not as absolutes. 
Oscillations, ringing, poor bandwidth and settling, higher 
crosstalk, and peaking are all typical problems which plague 
high-speed components when they are used incorrectly. 

• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors (approximately 2.2pF), a parallel 


470pF ceramic chip capacitor may be added if desired. 
Surface-mount types are recommended due to their low 
lead inductance. 

• PC board traces for signal and power lines should be wide 
to reduce impedance or inductance. 

• Make short and low inductance traces. The entire physical 
circuit should be as small as possible. 

• Use a low-impedance ground plane on the component side 
to ensure that low-impedance ground is available through- 
out the layout. Grounded traces between the input traces 
are essential to achieve high interchannel crosstalk rejec- 
tion. 

• Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances, such as the buffer’s 
input terminals. 

• Sockets are not recommended, because they add signifi- 
cant inductance and parasitic capacitance. If sockets must 
be used, consider using zero-profile solderless sockets. 

• Use low-inductance and surface-mounted components. 
Circuits using all surface mount components with the 
MPC104 will offer the best AC-performance. 

• A resistor (lOOfl to 150D) in series with the input of the 
buffers may help to reduce peaking. Place the resistor as 
close as possible to the pin. 

• Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techniques is 
essential — there are no shortcuts. 


SEL, 



FIGURE 2. Simplified Circuit Diagram. 
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CHANNEL 

SEL, 

ESI 

MB 

m 

EH 

^IN2 

DB1 

1 

0 


V, N 


100Q 

DB2 

0 

1 

WBM 



200Q 


FIGURE 3. All Hostile Crosstalk Test Circuit 1. 



FIGURE 4. Off Isolation Crosstalk Test Circuit 2. 
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FIGURE 7. Test Circuit Pulse Response. 



FIGURE 8. Test Circuit Differential Gain and Phase. 



FIGURE 9. Test Circuit Frequency Response. 



FIGURE 10. Serial Bus-Controlled Distribution Field. 
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FIGURE 11. High-Speed Data Acquisition System. 


FIGURE 12. Single Supply Operation. 
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FIGURE 13. Input Multiplexer for a CRT Output Stage. 
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FIGURE 14. Input Multiplexer for RGB Video Signals. 
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MPC506A 

MPC507A 


Single-Ended 16-Channel/Differential 8-Channel 
CMOS ANALOG MULTIPLEXERS 


FEATURES 

• ANALOG OVERVOLTAGE PROTECTION: 
70Vp-p 

• NO CHANNEL INTERACTION DURING 
OVERVOLTAGE 

• BREAK-BEFORE-MAKE SWITCHING 

• ANALOG SIGNAL RANGE: ±15V 

• STANDBY POWER: 7.5mW typ 

• TRUE SECOND SOURCE 

DESCRIPTION 

The MPC506A is a 16-channel single-ended analog 
multiplexer, and the MPC507A is an 8-channel differ- 
ential multiplexer. 

The MPC506A and MPC507A multiplexers have in- 
put overvoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other chan- 
nels. The protection circuitry assures that signal fidel- 
ity is maintained even under fault conditions that 
would destroy other multiplexers. Analog inputs can 
withstand 70Vp-p signal levels and standard ESD 
tests. Signal sources are protected from short circuits 
should multiplexer power loss occur; each input pre- 
sents a lk£2 resistance under this condition. Digital 
inputs can also sustain continuous faults up to 4V 
greater than either supply voltage. 

These features make the MPC506A and MPC507A 
ideal for use in systems where the analog signals 
originate from external equipment or separately pow- 
ered sources. 


The MPC506A and MPC507A are fabricated with 
Burr-Brown’s dielectrically isolated CMOS technol- 
ogy. The multiplexers are available in a hermetic 
ceramic or plastic DIP and plastic SOIC packages. 
Temperature range is -40/+85°C. 

FUNCTIONAL DIAGRAMS 


Overvoltage 

Clamp and 5V 

Signal Ref . 

Isolation 

NOTE: (1) Digital 
Input Protection. 


Vref a o A, A 2 A 3 EN 


Overvoltage 
Clamp and 5V 

Signal R e f 

Isolation 

NOTE: (1) Digital 
Input Protection. 


i i i i 
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SPECIFICATIONS 


ELECTRICAL 

Supplies = +15V, -15V; V REF (Pin 13) = Open; V AH (Logic Level High) = +4.0V; V AL (Logic Level Low) = +0.8V unless otherwise specified. 




MPC506A/MPC507A 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

UNITS 

ANALOG CHANNEL CHARACTERISTICS 






V s , Analog Signal Range 


-15 


+15 

V 

R on , On Resistance* 1 > 

. ■ 


1.3 

1.5 

kQ 




1.5 

1.8 

kQ 

l s (OFF), Off Input Leakage Current 

+25°C 


0.5 


nA 


Full 



10 

nA 

l D (OFF), Off Output Leakage Current 

+25°C 


0.2 


nA 

MPC506A 

Full 



5 

nA 

MPC507A 

Full 



5 

nA 

l D (OFF) with Input Overvoltage Applied* 21 

+25°C 


4.0 


nA 


Full 




pA 

l D (ON), On Channel Leakage Current 

+25°C 


2 


nA 

MPC506A 

Full 



10 

nA 

MPC507A 

Full 



10 

nA 

l DIFF Differential Off Output Leakage Current 






(MPC507A Only) 

Full 



10 

nA 

DIGITAL INPUT CHARACTERISTICS 






V AL , Input Low Threshold 

Full 



0.8 

V 

V AH , Input High Threshold* 3 ' 

Full 

4.0 



V 

V AL , MOS Drive* 4 ' 

+25°C 



0.8 

V 

V AH , MOS Drive* 4 ' 

+25°C 

6.0 



V 

l A , Input Leakage Current (High or Low)* 5 ' 

Full 



1.0 

pA 

SWITCHING CHARACTERISTICS 


! 




t A , Access Time 

+25°C 

! 

0.3 


ps 


Full 



0.6 

ps 

t 0PEN , Break-Before-Make Delay 

+25°C 

25 

80 


ns 

t 0N (EN), Enable Delay (ON) 

+25 °C 


200 


ns 


Full 



500 

ns 

t 0FF (EN), Enable Delay (OFF) 

+25°C 


250 


ns 


Full 

1 


500 

ns 

Settling Time (0.1%) 

+25°C 


1.2 


ps 

(0.01%) 

+25°C 


3.5 


ps 

"OFF Isolation"* 6 ' 

+25°C 

50 

68 


dB 

C s (OFF), Channel Input Capacitance 

+25°C 


5 


PF 

C D (OFF), Channel Output Capacitance: MPC506A 

+25°C 


50 


pF 

MPC507A 

+25°C 


25 


PF 

C A , Digital Input Capacitance 

25°C 

I 

5 


PF 

C DS , (OFF), Input to Output Capacitance 

+25°C 


0.1 


pF 

POWER REQUIREMENTS 


| 




P D , Power Dissipation 

Full 


7.5 


mW 

l+, Current Pin 1* 7 > 

Full 


0.7 

1.5 

mA 

I-, Current Pin 27< 7 ' 

Full 


5 

20 

pA 


NOTES: (1 ) V OUT = ±1 OV, l 0UT = -1 00|xA. (2) Analog overvoltage = ±33V. (3) To drive from DTL/TTL circuits. 1 kQ pull-up resistors to +5.0V supply are recommended. 
(4) V REF = +10V. (5) Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than InA at 25°C. (6) V EN = 0.8V, R L = IkQ, 
C L = 1 5pF, V s = 7Vrms, f = 1 00kHz. Worst-case isolation occurs on channel 8 due to proximity of the output pins. (7) V EN , V A = 0V or 4.0V. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATION 



TRUTH TABLES 

MPC506A MPC507A 


A 3 

a 2 

A i 

A 0 

EN 

"ON" 

CHANNEL 

X 

X 

X 

X 

L 

None 

L 

L 

L 

L 

H 

1 

L 

L 

L 

H 

H 

2 

L 

L 

H 

L 

H 

3 

L 

L 

H 

H 

H 

4 

L 

H 

L 

L 

H 

5 

L 

H 

L 

H 

H 

6 

L 

H 

H 

L 

H 

7 

L 

H 

H 

H 

H 

8 

H 

L 

L 

L 

H 

9 

H 

L 

L 

H 

H 

10 

H 

L 

H 

L 

H 

11 

H 

L 

H 

H 

H 

12 

H 

H 

L 

L 

H 

13 

H 

H 

L 

H 

H 

14 

H 

H 

H 

L 

H 

15 

H 

H 


H 

H 

16 


a 2 

A 1 

A„ 

EN 

"ON" 

CHANNEL 

PAIR 

X 

X 

X 

L 

None 

L 

L 

L 

H 

1 

L 

L 

H 

H 

2 

L 

H 

L 

H 

3 

L 

H 

H 

H 

4 

H 

L 

L 

H 

5 

H 

L 

H 

H 

6 

H 

H 

L 

H 

7 

H 

H 

H 

H 

8 


PACKAGE INFORMATION 0 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

MPC506AP 

28-Pin Plastic 

905 

MPC506AG 

28-Pin Ceramic 

904 

MPC506AU 

28-Pin Plastic SOIC 

217-1 

MPC507AP 

28-Pin Plastic 

905 

MPC507AG 

28-Pin Ceramic 

904 

MPC507AU 

28-Pin Plastic SOIC 

217-1 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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ABSOLUTE MAXIMUM RATINGS' 1 ’ 


Voltage between supply pins 44V 

V REF to ground, V+ to ground 22V 

V- to ground 25 V 

Digital input overvoltage: 

V EN , V A : V SUPPLY (+) +4V 

^SUPPLY ( — ) 

or 20mA, whichever occurs first. 

Analog input overvoltage: 

Vs- V SU p PLY ( + ) +20V 

^supply (”) —20V 

Continuous current, S or D 20mA 

Peak current, S or D 

(pulsed at 1 ms, 1 0% duty cycle max) 40mA 

Power dissipation* 2.0W 

Operating temperature range -40°C to +85°C 

Storage temperature range -65°C to +150°C 


‘Derate 20.0mW/°C above T A = 70 

NOTE: (1) Absolute maximum ratings are limiting values, applied individu- 
ally, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

DESCRIPTION 

MPC506AP 

28-Pin Plastic DIP 

-40°C to +85°C 

16-Channel 

Single-Ended 

MPC506AG 

28-Pin Ceramic DIP 

—40°C to +85°C 

16-Channel 

Single-Ended 

MPC506AU 

28-Pin Plastic SOIC 

-40°C to +85°C 

16-Channel 

Single-Ended 

MPC507AP 

28-Pin Plastic DIP 

-40°C to +85°C 

8-Channel 

Differential 

MPC507AG 

28-Pin Ceramic 

-40°C to +85 °C 

8-Channel 

Differential 

MPC507AU 

28-Pin Plastic SOIC 

— 40°C to +85 °C 

8-Channel 

Differential 


TYPICAL PERFORMANCE CURVES 

T a = +25°C unless otherwise noted. 


SETTLING TIME vs 



0.01 0.1 1 10 100 
Source Resistance (kO) 



1 10 100 Ik 10k 

Signal Frequency (Hz) 


COMBINED CMR vs 



1 10 100 Ik 10k 

Frequency (Hz) 
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DISCUSSION OF 
SPECIFICATIONS 


DC CHARACTERISTICS 

The static or DC transfer accuracy of transmitting the mul- 
tiplexer input voltage to the output depends on the channel 
ON resistance (R 0N ), the load impedance, the source imped- 
ance, the load bias current and the multiplexer leakage 
current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for single- 
ended multiplexers are: 

Source resistance loading error 

Multiplexer ON resistance error 

DC offset error caused by both load bias current and 

multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This mini- 
mizes the resistive loading effects of the source resistance 
and multiplexer ON resistance. As a guideline, load 
impedance of 10 8 O or greater will keep resistive loading 
errors to 0.002% or less for 10000 source impedances. A 
10 6 O load impedance will increase source loading error 
to 0.2% or more. 

• Use sources with impedances as low as possible. A 
10000 source resistance will present less than 0.001% 
loading error and lOkQ source resistance will increase 
source loading error to 0.01% with a 10 8 load impedance. 

Input resistive loading errors are determined by the follow- 
ing relationship (see Figure 1). 


Input Offset Voltage 

Bias current generates an input OFFSET voltage as a result 
of the IR drop across the multiplexer ON resistance and 
source resistance. A load bias current of lOnA will generate 
an offset voltage of 20|iV if a IkO source is used. In general, 
for the MPC506A, the OFFSET voltage at the output is 
determined by: 

^OFFSET = (f B + II) (Ron + Rs) 

where I B = Bias current of device multiplexer is driving 
I L = Multiplexer leakage current 
Ro N = Multiplexer ON resistance 
R s = Source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are diffi- 
cult to control, especially when it is used for multiplexing 
low-level signals with full-scale ranges of lOmV to lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source impedance 
unbalance, common-mode impedance, load bias current 
mismatch, load differential impedance mismatch, and com- 
mon-mode impedance of the load all contribute errors to the 
multiplexer. The multiplexer ON resistance mismatch, leak- 
age current mismatch and ON resistance also contribute to 
differential errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described in 
this section, especially for low-level multiplexing applica- 
tions. 



FIGURE 1. MPC506A Static Accuracy Equivalent Circuit. 


Source and Multiplexer Resistive Loading Error 


£ (R s + ^on) 


Rs + Ron 
Rs + Ron + Rl 


X 100% 


where R s = source resistance 
R l = load resistance 
Rq N = multiplexer ON resistance 



FIGURE 2. MPC507A Static Accuracy Equivalent Circuit. 
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Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low-level signals less 
than 50mV FSR. Low bias current bipolar input amplifi- 
ers are acceptable for signal ranges higher than 50mV 
FSR. Bias current matching will determine the input 
offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the multi- 
plexer and driven load. System CMR will be less than the 
device which has the lower CMR figure. 

• Load impedances, differential and common-mode, should 
be 10 l0 Q or higher. 

SOURCE CHARACTERISTICS 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain- scatter er- 
rors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system analog 
common. 

If the MPC507A is used for multiplexing high-level signals 
of IV to 10V full-scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical as 
for low-level signal applications. 

DYNAMIC CHARACTERISTICS 
Settling Time 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches, the RC time constants of the source 
and the load determine the settling time of the multiplexer. 

Governed by the charge transfer relation i = C (dV/dt), the 
charge currents transferred to both load and source by the 
analog switches are determined by the amplitude and rise 
time of the signal driving the CMOS FET switches and the 
gate-to-drain and gate-to-source junction capacitances as 
shown in Figures 3 and 4. Using this relationship, one can 



see that the amplitude of the switching transients seen at the 
source and load decrease proportionally as the capacitance 
of the load and source increase. The trade-off for reduced 
switching transient amplitude is increased settling time. In 
effect, the amplitude of the transients seen at the source and 
load are: 

dV L = (i/C) dt 

where i = C (dV/dt) of the CMOS FET switches 
C = load or source capacitance 

The source must then redistribute this charge, and the effect 
of source resistance on settling time is shown in the Typical 
Performance Curves. This graph shows the settling time for 
a 20V step change on the input. The settling time for smaller 
step changes on the input will be less than that shown in the 
curve. 



FIGURE 4. Settling and Common-Mode Effects — 
MPC507A 


Switching Time 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point of 
the address input signal to the 90 percent point of the analog 
signal seen at the output for a 10V signal change between 
channels. 

Crosstalk 

Crosstalk is the amount of signal feedthrough from the 
seven (MPC507A) or 15 (MPC506A) OFF channels ap- 
pearing at the multiplexer output. Crosstalk is caused by the 
voltage divider effect of the OFF channel, OFF resistance 
and junction capacitances in series with the R ON and R s 
impedances of the ON channel. Crosstalk is measured with 
a 20Vp-p 1000Hz sine wave applied to all off channels. The 
crosstalk for these multiplexers is shown in the Typical 
Performance Curves. 


FIGURE 3. Settling Time Effects— MPC506A. 
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Common-Mode Rejection (MPC507A Only) 

The matching properties of the load, multiplexer and source 
affect the common-mode rejection (CMR) capability of a 
differentially multiplexed system. CMR is the ability of the 
multiplexer and input amplifier to reject signals that are 
common to both inputs, and to pass on only the signal 
difference to the output. For the MPC507A, protection is 
provided for common-mode signals of ±20 V above the 
power supply voltages with no damage to the analog switches. 

The CMR of the MPC507A and Burr-Brown's INA110 
instrumentation amplifier (G = 100) is 1 lOdB at DC to 10Hz 
with a 6dB/octave roll-off to 70dB at 1000Hz. This measure- 
ment of CMR is shown in the Typical Performance Curves 
and is made with a Burr-Brown INA110 instrumentation 
amplifier connected for gains of 500, 100, and 10. 


Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance mis- 

match 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance 

AC CMR roll-off is determined by the amount of common- 
mode capacitances (absolute and mismatch) from each 
signal line to ground. Larger capacitances will limit CMR 
at higher frequencies; thus, if good CMR is desired at 
higher frequencies, the common-mode capacitances and 
unbalance of signal lines and multiplexer to amplifier wiring 
must be minimized. Use twisted- shielded pair signal lines 
wherever possible. 


SWITCHING WAVEFORMS 

Typical at +25°C, unless otherwise noted. 


BREAK-BEFORE-MAKE DELAY (t 0PEN ) 



ENABLE DELAY (t 0N (EN), t 0FF (EN)) 



lOOns/Div 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 

T a = +25°C, V s = ±15V, V AM = +4V, V AL = 0.8V and V REF = Open, unless otherwise noted. 


ON RESISTANCE vs INPUT SIGNAL, SUPPLY VOLTAGE 


lOOpA 



Analog Input (V) Supply Voltage (V) 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 

T a = +25°C, V s = ±15V, V AM = +4V, V AL = 0.8V and V REF =* Open, unless otherwise noted. 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 

T a = +25°C, V s = ±15V, V AM = +4V, V AL = 0.8V and V RE(= = Open, unless otherwise noted. 


SUPPLY CURRENT vs TOGGLE FREQUENCY 


+15V/+10V 




Toggle Frequency (Hz) 


ACCESS TIME vs LOGIC LEVEL (High) 



NOTE: (1) Similar connection for MPC507A. 


1000 
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■sr 800 

| 700 

i— 

1 600 

8 
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400 
300 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single node as illustrated in 
Figure 5. With ENABLE line at a logic 1, the channel is 
selected by the 3-bit (MPC507A or 4-bit MPC506A) Chan- 
nel Select Address (shown in the Truth Tables). If ENABLE 
is at logic 0, all channels are turned OFF, even if the Channel 
Address Lines are active. If the ENABLE line is not to be 
used, simply tie it to +V supply. 

If the +15V and/or -15V supply voltage is absent or shorted 
to ground, the MPC507A and MPC506A multiplexers will 
not be damaged; however, some signal feedthrough to the 
output will occur. Total package power dissipation must not 
be exceeded. 

For best settling speed, the input wiring and interconnec- 
tions between multiplexer output and driven devices should 
be kept as short as possible. When driving the digital inputs 
from TTL, open collector output with pull up resistors are 
recommended (see Typical Performance Curves, Access 
Time). 

To preserve common-mode rejection of the MPC507A, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will help 
common-mode capacitance balance and reduce stray signal 
pickup. If shields are used, all shields should be connected 
as close as possible to system analog common or to the 
common-mode guard driver. 



FIGURE 5. 64-Channel, Single-Tier Expansion. 


CHANNEL EXPANSION 

Single-Ended Multiplexer (MPC506A) 

Up to 64 channels (four multiplexers) can be connected to a 
single node, or up to 256 channels using 17 MPC506A 
multiplexers on a two-tiered structure as shown in Figures 5 
and 6. 


Differential Multiplexer (MPC507A) 

Single or multitiered configurations can be used to expand 
multiplexer channel capacity up to 64 channels using a 64 X 
1 or an 8x8 configuration. 

Single-Node Expansion 

The 64x1 configuration is simply eight (MPC507A) units 
tied to a single node. Programming is accomplished with a 
6-bit counter, using the 3LSBs of the counter to control 
Channel Address inputs A 0 , A lt A 2 and the 3MSBs of the 
counter to drive a l-of-8 decoder. The l-of-8 decoder then 
is used to drive the ENABLE inputs (pin 18) of the MPC507A 
multiplexers. 

Two-Tier Expansion 

Using an 8x8 two-tier structure for expansion to 64 chan- 
nels, the programming is simplified. The 6-bit counter out- 
put does not require a l-of-8 decoder. The 3LSBs of the 
counter drive the A 0 , A! and A 2 inputs of the eight first-tier 
multiplexers and the 3MSBs of the counter are applied to the 
A 0 , A,, and A 2 inputs of the second- tier multiplexer. 

Single vs Multitiered Channel Expansion 

In addition to reducing programming complexity, two-tier 
configuration offers the added advantages over single-node 
expansion of reduced OFF channel current leakage (reduced 
OFFSET), better CMR, and a more reliable configuration if 
a channel should fail ON in the single-node configuration, 
data cannot be taken from any channel, whereas only one 
channel group is failed (8 or 16) in the multitiered configu- 
ration. 



FIGURE 6. Channel Expansion up to 256 Channels Using 
16x16 Two-Tiered Expansion 
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MPC508A 

MPC509A 


Single-Ended 8-Channel/Differential 4-Channel 
CMOS ANALOG MULTIPLEXERS 


FEATURES 

• ANALOG OVERVOLTAGE PROTECTION: 
70Vp-p 

• NO CHANNEL INTERACTION DURING 
OVERVOLTAGE 

• BREAK-BEFORE-MAKE SWITCHING 

• ANALOG SIGNAL RANGE: ±15V 

• STANDBY POWER: 7.5mW typ 

• TRUE SECOND SOURCE 

DESCRIPTION 

The MPC508A is an 8-channel single-ended analog 
multiplexer and the MPC509A is a 4-channel differen- 
tial multiplexer. 

The MPC508A and MPC509A multiplexers have in- 
put overvoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other chan- 
nels. The protection circuitry assures that signal fidel- 
ity is maintained even under fault conditions that 
would destroy other multiplexers. Analog inputs can 
withstand 70Vp-p signal levels and standard ESD 
tests. Signal sources are protected from short circuits 
should multiplexer power loss occur; each input pre- 
sents a lk£2 resistance under this condition. Digital 
inputs can also sustain continuous faults up to 4V 
greater than either supply voltage. 

These features make the MPC508A and MPC509A 
ideal for use in systems where the analog signals 
originate from external equipment or separately pow- 
ered sources. 


The MPC508A and MPC509A are fabricated with 
Burr-Brown’s dielectrically isolated CMOS technol- 
ogy. The multiplexers are available in a hermetic 
ceramic or plastic DIP and plastic SOIC packages. 
Temperature range is -40°C to +85°C. 


FUNCTIONAL DIAGRAMS 


InICH 1 


In 20-J l 


80-j V 


MPC508A 



A 0 A 1 A 2 EN 


O 

Out 


In 1AO-VW- 
l IkQ 
In 4A O — \/VV i — 
IkQ 

ln1Bo- v /^A- 

• IkQ 

In 4B O — 






Overvoltage 
Clamp and 
Signal 
Isolation 


NOTE: (1) Digital 
Input Protection. 


Decoder/ 

Driver 


ZZ 


Level 

Shift 


Out A 


-O 

Out B 


A 0 At 
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SPECIFICATIONS 


ELECTRICAL 

Supplies = +15V, -15V; V AH (Logic Level High) = +4.0V, V AL (Logic Level Low) = +0.8V, unless otherwise specified. 




MPC508A/509A 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

UNITS 

ANALOG CHANNEL CHARACTERISTICS 

V s , Analog Signal Range 

Full 

-15 


+15 

V 

Ron. On Resistance* 1 ) 

+25°C 


1.3 

1.5 

kQ 


Full 


1.5 

1.8 

kO 

l s (OFF), Off Input Leakage Current 

+25°C 


0.5 


nA 


Full 



10 

nA 

l D (OFF), Off Output Leakage Current 

+25°C 


0.2 


nA 

MPC508A 

Full 



5 

nA 

MPC509A 

Full 



5 

nA 

l D (OFF) with Input Overvoltage Applied* 2 ) 

+25°C 


4.0 


nA 


Full 




pA 

l D (ON), On Channel Leakage Current 

+25°C 


2 


nA 

MPC508A 

Full 



10 

nA 

MPC509A 

l D | FF Differential Off Output Leakage Current 

Full 



10 

nA 

(MPC509A Only) 

Full 



10 

nA 

DIGITAL INPUT CHARACTERISTICS 

V AL , Input Low Threshold Drive 

Full 



0.8 

V 

V AH , Input High Threshold* 3 ) 

Full 

4.0 



V 

l A , Input Leakage Current (High or Low)* 4 ) 

Full 



1.0 

I^A 

SWITCHING CHARACTERISTICS 

t A , Access Time 

+25°C 


0.5 


ps 


Full 



0.6 

M-S 

t 0 PEN. Break-Before-Make Delay 

+25°C 

25 

80 


ns 

t 0N (EN), Enable Delay (ON) 

+25°C 


200 


ns 


Full 



500 

ns 

t 0FF (EN), Enable Delay (OFF) 

+25°C 


250 


ns 


Full 



500 

ns 

Settling Time (0.1%) 

+25°C 


1.2 


ps 

(0.01%) 

+25°C 


3.5 


ps 

"OFF Isolation"* 5 ) 

+25°C 

50 

68 


dB 

C s (OFF), Channel Input Capacitance 

+25°C 


5 


pF 

C D (OFF), Channel Output Capacitance: MPC508A 

+25°C 


25 


PF 

MPC509A 

+25°C 


12 


pF 

C A , Digital Input Capacitance 

25°C 


5 


pF 

C D s (OFF), Input to Output Capacitance 

+25°C 


0.1 


PF 

POWER REQUIREMENTS 

P D , Power Dissipation 

Full 


7.5 


mW 

l+, Current Pin I* 6 ) 

Full 


0.7 

1.5 

mA 

I-, Current Pin 27* 6 ) 

Full 


5 

20 

pA 


NOTES: (1 ) V 0UT = ±1 OV, l 0UT = -1 OOpA. (2) Analog overvoltage = ±33V. (3) To drive from DTL/TTL circuits. 1 k£2 pull-up resistors to +5.0V supply are recommended. 
(4) Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1 nA at 25°C. (5) V EN = 0.8V, R L = 1 kQ, G L = 1 5pF, V s = 7Vrms, f = 1 00kHz. 
Worst-case isolation occurs on channel 4 due to proximity of the output pins. (6) V EN , V A = OV or 4.0V. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATIONS 



Top View 



Top View 


A ° 1 1 

w 


a»[T 

w 














!n 1 |jT 



in 1 A [V 












in 3A [V 


TT] In 3B 







Out [IT 



Out A |jT 




MPC508A (Ceramic) 
MPC508A (Plastic) 



MPC509A (Ceramic) 

MPC509 A (Plastic) 



TRUTH TABLES 

MPC508A MPC509A 


A, 

A, 

A 0 

EN 

"ON" 

CHANNEL 

X 

X 

X 

L 

None 

L 

L 

L 

H 

1 

L 

L 

H 

H 

2 

L 

H 

L 

H 

3 

L 

H 

H 

H 

4 

H 

L 

L 

H 

5 

H 

L 

H 

H 

6 

H 

H 

L 

H 

7 

H 

H 

H 

H 

8 


ABSOLUTE MAXIMUM RATINGS* 1 * 



44V 

V+ to ground 

22V 

V- to ground 

25V 

Digital input overvoltage V EN , V A : 


^SUPPLY (+) 

+4V 

V SUPPLY H 

-4V 

or 20mA, whichever occurs first. 

Analog input overvoltage V s : 


^supply ( + ) 

+20V 

^supply H 

-20V 

Continuous current, S or D 

20mA 

Peak current, S or D 




Power dissipation* 2 ) 

1.28W 

Operating temperature range 

-40°C to +85°C 

Storage temperature range 

-65°C to +150°C 

NOTE: (1) Absolute maximum ratings are limiting values, applied individu- 

ally, beyond which the serviceability of the circuit may be impaired. Func- 

tional operation under any of these conditions is not necessarily implied. 

(2) Derate 1 .28mW/°C above T A = +70°C. 



j 

A, 

A 0 

EN 

"ON" 

CHANNEL 

PAIR 

x 

X 

L 

None 

L 

L 

H 

1 

L 

H 

H 

2 

H 

L 

H 

3 

H 

H 

H 

4 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

DESCRIPTION 


16- Pin Plastic DIP 

-40°C to +85°C 

8-Channel 

Single-Ended 


16-Pin Plastic SOIC 

-40°C to +85°C 

8-Channel 

Single-Ended 


16-Pin Ceramic DIP 

-40°C to +85 °C 

8-Channel 

Single-Ended 


16-Pin Plastic DIP 

-^0°C to +85°C 

4-Channel 

Differential 


16-Pin Plastic SOIC 

-40°C to +85°C 

4-Channel 

Differential 


1 6-Pin Ceramic 

-40°C to +85°C 

4-Channel 

Differential 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

MPC508/509AP 

16-Pin Plastic DIP 

180 

MPC508/509AU 

16-Pin Plastic SOIC 

211 

MPC508/509AG 

16-Pin Ceramic 

129 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


mm 
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DISCUSSION OF 
PERFORMANCE 

DC CHARACTERISTICS 


Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are diffi- 
cult to control, especially when it is used for multiplexing 
low-level signals with full-scale ranges of lOmV to lOOmV. 


The static or DC transfer accuracy of transmitting the multi- 
plexer input voltage to the output depends on the channel ON 
resistance (R 0N ), the load impedance, the source impedance, 
the load bias current and the multiplexer leakage current. 


Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for single- 

ended multiplexers are: 

Source resistance loading error; 

Multiplexer ON resistance error; 

and, DC offset error caused by both load bias current and 

multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the input 

resistive loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This mini- 
mizes the resistive loading effects of the source resis- 
tance and multiplexer ON resistance. As a guideline, load 
impedances of 10 8 O, or greater, will keep resistive load- 
ing errors to 0.002% or less for 10000 source imped- 
ances. A 10 6 £2 load impedance will increase source 
loading error to 0.2% or more. 

• Use sources with impedances as low as possible. 10000 
source resistance will present less than 0.001% loading 
error and 10k£2 source resistance will increase source 
loading error to 0.01% with a 10 8 load impedance. 

Input resistive loading errors are determined by the following 

relationship (see Figure 1). 

Source and Multiplexer Resistive Loading Error 


(Rs + Ron) 


R s + R on 
Rs + Ron + Rl 


X 100% 


where R s = source resistance 
R l = load resistance 
Ron = multiplexer ON resistance 


Input Offset Voltage 

Bias current generates an input OFFSET voltage as a result 
of the IR drop across the multiplexer ON resistance and 
source resistance. A load bias current of lOnA will generate 
an offset voltage of 20|iV if a lkQ source is used. In general, 
for the MPC508A, the OFFSET voltage at the output is 
determined by: 

V OFFSET = (^B I L ) (Ron Rs) 
where I B = Bias current of device multiplexer is driving 
I L = Multiplexer leakage current 
Ron = Multiplexer ON resistance 
R s = source resistance 


The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source impedance 
unbalance, common-mode impedance, load bias current mis- 
match, load differential impedance mismatch, and common- 
mode impedance of the load all contribute errors to the 
multiplexer. The multiplexer ON resistance mismatch, leak- 
age current mismatch and ON resistance also contribute to 
differential errors. 

The effects of these errors can be minimized by following the 
general guidelines described in this section, especially for 
low-level multiplexing applications. Refer to Figure 2. 

Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low-level signals less 
than 50mV FSR. Low bias current bipolar input amplifi- 
ers are acceptable for signal ranges higher than 50mV 
FSR. Bias current matching will determine the input 
offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the multi- 
plexer and driven load. System CMR will be less than the 
device which has the lower CMR figure. 

• Load impedances, differential and common-mode, should 
be 10 10 12 or higher. 



FIGURE 1 . MPC508 A DC Accuracy Equivalent Circuit. 



FIGURE 2. MPC509A DC Accuracy Equivalent Circuit. 
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Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain-scatter er- 
rors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the MPC509A is used for multiplexing high-level signals 
of ±1 V to ±10V full-scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical as 
for low-level signal applications. 

DYNAMIC CHARACTERISTICS 
Settling Time 

The gate-to-source and gate-to-drain capacitance of the CMOS 
FET switches, the RC time constants of the source and the 
load determine the settling time of the multiplexer. 

Governed by the charge transfer relation i = C (dV/dt), the 
charge currents transferred to both load and source by the 
analog switches are determined by the amplitude and rise 
time of the signal driving the CMOS FET switches and the 
gate-to-drain and gate-to-source junction capacitances as 
shown in Figures 3 and 4. Using this relationship, one can see 
that the amplitude of the switching transients, seen at the 
source and load, decrease proportionally as the capacitance 
of the load and source increase. The trade-off for reduced 
switching transient amplitude is increased settling time. In 
effect, the amplitude of the transients seen at the source and 
load are: 

dV L = (i/C) dt 

where i = C (dV/dt) of the CMOS FET switches 
C = load or source capacitance 

The source must then redistribute this charge, and the effect 
of source resistance on settling time is shown in the Typical 
Performance Curves. This graph shows the settling time for 
a 20V step change on the input. The settling time for smaller 
step changes on the input will be less than that shown in the 
curve. 


MPC508A Channel 

Source -+ 5K _L Load 

A TT , Node A « 

Rs^ 

w i_r > 

~ Cs 

Q— -i — 

v 


FIGURE 3. Settling Time Effects— MPC508A 
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Switching Time 

This is the time required for the CMOS FET to turn ON afte 
a new digital code has been applied to the Channel Address 
inputs. It is measured from the 50 percent point of the address 
input signal to the 90 percent point of the analog signal seen 
at the output for a 10V signal change between channels. 

Crosstalk 

Crosstalk is the amount of signal feedthrough from the three 
(MPC509A) or seven (MPC508A) OFF channels appearing 
at the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel, OFF resistance and junc- 
tion capacitances in series with the R 0N and R s impedances 
of the ON channel. Crosstalk is measured with a 20Vp-p 
1kHz sine wave applied to all OFF channels. The crosstalk 
for these multiplexers is shown in the Typical Performance 
Curves. 


Common-Mode Rejection (MPC509A Only) 

The matching properties of the load, multiplexer and source 
affect the common-mode rejection (CMR) capability of a 
differentially multiplexed system. CMR is the ability of the 
multiplexer and input amplifier to reject signals that are 
common to both inputs, and to pass on only the signal 
difference to the output. For the MPC509A, protection is 
provided for common-mode signals of ±20V above the 
power supply voltages with no damage to the analog switches. 

The CMR of the MPC509A and Burr-Brown’s INA110 
instrumentation amplifier is 1 lOdB at DC to 10Hz (G = 100) 
with a 6dB/octave roll off to 70dB at 1000Hz. This measure- 
ment of CMR is shown in the Typical Performance Curves 
and is made with a Burr-Brown model INA1 10 instrumenta- 
tion amplifier connected for gains of 10, 100, and 500. 
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Factors which will degrade multiplexer and system DC CMR 
are: 

• Amplifier bias current and differential impedance mis- 
match 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance 

AC CMR roll off is determined by the amount of common- 
mode capacitances (absolute and mismatch) from each signal 
line to ground. Larger capacitances will limit CMR at higher 
frequencies; thus, if good CMR is desired at higher frequen- 
cies, the common-mode capacitances and unbalance of sig- 
nal lines and multiplexer-to-amplifier wiring must be mini- 
mized. Use twisted-shielded-pair signal lines wherever pos- 
sible. 


TYPICAL PERFORMANCE CURVES 

Typical at +25°C unless otherwise noted. 


SETTLING TIME vs 

SOURCE RESISTANCE FOR 20V STEP CHANGE 



Source Resistance (kQ) 



1 10 100 Ik 10k 

Signal Frequency (Hz) 


COMBINED CMR vs 



1 10 100 Ik 10k 

Frequency (Hz) 
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SWITCHING WAVEFORMS 

TYPICAL AT +25°C UNLESS OTHERWISE NOTED. 



ENABLE DELAY (t 0N (EN), t 0FF (EN)) 




MPC508A0) 

a 2 

In 1 

A 1 

In 2 Thru In 8 

A 0 

GND 0ut 




|12.5pF 









— 




£ 

Enab 

2V 

e Driv 
/Div 

e 

\ 






t 


t 


























\ 












f 

( 

•juipui 

2V/Div 















NOTE: (1) Similar connection for MPC509A. 


PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 

Unless otherwise specified: T A = +25, V s = ±15V, V AM = +4V, V AL = 0.8V. 


ON RESISTANCE vs ANALOG INPUT SIGNAL, 
SUPPLY VOLTAGE 


1.4 
1.3 
1.2 
- 1.1 
1.0 
0.9 
0.8 
0.7 
0.6 


lOOpA 


ANALOG INPUT VOLTAGE 





i 





i 

_ 

1 1 ! 









'a = + 












i 

L _ .. 








T. = +25°C 

i _| . _+ I 







t 1 

T a = -55°C 











• 










1 















-10 -8 -6 -4 


-2 0 2 
Analoq Input (V) 



NORMALIZED ON RESISTANCE 



±5 ±6 ±7 


±8 ±9 ±10 ±11 ±12 ±13 ±14 ±15 

Supply Voltage (V) 


TO 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 


SUPPLY CURRENT vs TOGGLE FREQUENCY 


+15V/+10V 

(A) + *supply 


(A) >50iiL_J Af 



MPCSOSAP) 


a 2 



A, 

In 2 Thru In 7 

irn 

A 0 


° 7 

r„ 

In 8 

\i Out 

{J xlUV/XDV J 

tn 

(aNU —V v/ui 

±10V/±5V*A | 


-i i 

^10MQ Z± 


-15V/-10V 

NOTE: (1) Similar connection for MPC509A. 




100 Ik 10k 100k 

Toggle Frequency (Hz) 


LEAKAGE CURRENT vs TEMPERATURE 




O 0 

► 

o- 

Out 

' 

— rO 

A), 



r 



A J l D (On) 
=- ±10V 



i 1 





E ■ 

► 

o 

-r^O °“ 

Out 

v ; 

i 



I J 


En 

- — c 


JL 


I 10nA ss 

3 : — 

O 

CD 

o> 

3 InA = 


I_Off Output ' 

_ Current _ 

; On Leakage EE: === ~ E 

Current l D (On) — - J — 


^ ~ Off Input 

_ Leakage Current 
= i s (Off) : 


NOTE: (1) Two measurements per channel: +10V/-10V and -10V/+10V. 
(Two measurements per device for l D (Off): +10V/-10V and -10V/+10V). 


25 50 


75 100 125 

Temperature (°C) 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 


ACCESS TIME vs LOGIC LEVEL (High) 




3 4 5 6 7 8 9 10 11 12 13 14 15 

NOTE: (1) Similar connection for MPC509A. Logic Level High (V) 


ACCESS TIME WAVEFORM 




200ns/Div 


ON-CHANNEL CURRENT vs VOLTAGE 



0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 



V, N -Voltage Across Switch (V) 


nm 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ENABLE input, pin 2, is included for expansion of the 
number of channels on a single node as illustrated in Figure 
5. With ENABLE line at a logic 1, the channel is selected by 
the 2-bit (MPC509A) or 3-bit (MPC508A) Channel Select 
Address (shown in the Truth Tables). If ENABLE is at logic 
0, all channels are turned OFF, even if the Channel Address 
Lines are active. If the ENABLE line is not to be used, simply 
tie it to +V SU p PLY . 

If the +15V and/or -15 V supply voltage is absent or shorted 
to ground, the MPC509A and MPC508A multiplexers will 
not be damaged; however, some signal feedthrough to the 
output will occur. Total package power dissipation must not 
be exceeded. 

For best settling speed, the input wiring and interconnections 
between multiplexer output and driven devices should be 
kept as short as possible. When driving the digital inputs 
from TTL, open collector output with pull-up resistors are 
recommended 

To preserve common-mode rejection of the MPC509A, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will help 
common-mode capacitance balance and reduce stray signal 
pickup. If shields are used, all shields should be connected as 
close as possible to system analog common or to the com- 
mon-mode guard driver. 

CHANNEL EXPANSION 
Single-Ended Multiplexer (MPC508A) 

Up to 32 channels (four multiplexers) can be connected to a 
single node, or up to 64 channels using nine MPC508A 
multiplexers on a two-tiered structure as shown in Figures 5 
and 6. 



— Four MPC509 A units in parallels: 12ps 


FIGURE 5. 32-Channel, Single-Tier Expansion. 



FIGURE 6. Channel Expansion Up to 64 Channels Using 8 
x 8 Two-Tiered Expansion. 


Differential Multiplexer (MPC509A) 

Single or multitiered configurations can be used to expand 
multiplexer channel capacity up to 32 channels using a 
32 x 1 or 16 channels using a 4 x 4 configuration. 

Single-Node Expansion 

The 32 x 1 configuration is simply eight (MPC509A) units 
tied to a single node. Programming is accomplished with a 5- 
bit counter, using the 2LSBs of the counter to control 
Channel Address inputs A 0 and A, and the 3MSBs of the 
counter to drive a l-of-8 decoder. The l-of-8 decoder then is 
used to drive the ENABLE inputs (pin 2) of the MPC509A 
multiplexers. 

Two-Tier Expansion 

Using a 4 x 4 two-tier structure for expansion to 16 channels, 
the programming is simplified. A 4-bit counter output does 
not require a l-of-8 decoder. The 2LSBs of the counter drive 
the A 0 and A j inputs of the four first- tier multiplexers and the 
2MSBs of the counter are applied to the A 0 and A, inputs of 
the second-tier multiplexer. 

Single vs Multitiered Channel Expansion 

In addition to reducing programming complexity, two-tier 
configuration offers the added advantages over single-node 
expansion of reduced OFF channel current leakage (reduced 
OFFSET), better CMR, and a more reliable configuration if 
a channel should fail in the ON condition (short). Should a 
channel fail ON in the single-node configuration, data cannot 
be taken from any channel, whereas only one channel group 
is failed (4 or 8) in the multitiered configuration. 
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High Speed 

CMOS ANALOG MULTIPLEXER 


FEATURES 

• HIGH SPEED 
100ns Access Time 
800ns Settling to 0.01% 
250ns Settling to 0.1% 

• USER-PROGRAMMABLE 
16-Channel Single-Ended or 
8-Channel Differential 


• SELECTABLE TTL OR CMOS 
COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 
Break-Before-Make Switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 28-PIN HERMETIC DUAL-IN-LINE 
PACKAGE 



DESCRIPTION 

The MPC800 is a high speed multiplexer that is user- 
programmable for 16-channel single-ended operation 
or 8 -channel differential operation and for TTL or 
CMOS compatibility. 

The MPC800 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer thereby facilitat- 
ing channel expansion by adding additional multi- 
plexers. 

High quality processing is employed to produce CMOS 
FET analog channel switches which have low leakage 
current, low ON resistance, high OFF resistance, low 
feedthrough capacitance, and fast settling time. 

Two models are available, the MPC800KG for opera- 
tion from 0°C to +75°C and the MPC800SG for 
operation from -55°C to +125°C. 


Input Buffer and Decoders 


Multiplexer 

Switches 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and ±V CC = 1 5V, unless otherwise noted. 



MPC800KG, MPC800SG 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ANALOG INPUTS 





Voltage Range 

-15 


+15 

V 

Maximum Overvoltage 

-V -2 


+ v cc +2 

V 

Number of Input Channels 





Differential 

8 




Single-Ended 

16 




Reference Voltage Range* 1 * 

6 


10 

V 

ON Characteristics* 2 * 





ON Resistance (R 0N ) at +25°C 


620 

750 

Q 

Over Temperature Range 


700 

1000 

Q, 

R on Drift vs Temperature 

See Typical Performance Curves 


R on Mismatch 


< 10 


Q 

ON Channel Leakage 


0.04 


nA 

Over Temperature Range 


0.6 

100 

nA 

ON Channel Leakage Drift 

See Typical Performance Curves 


OFF Characteristics 





OFF Isolation 


90 


dB 

OFF Channel Input Leakage 


0.01 


nA 

Over Temperature Range 


0.38 

50 

nA 

OFF Channel Input Leakage Drift 

See Typical Performance Curves 


OFF Channel Output Leakage 


0.035 


nA 

Over Temperature Range 


0.48 

100 

nA 

OFF Channel Output Leakage Drift 

See Typical Performance Curves 


Output Leakage (All channels disabled)* 3 * 


0.02 


nA 

Output Leakage with Overvoltage 





+16V Input 


< 0.35 


mA 

-16V Input 


< 0.65 


mA 

DIGITAL INPUTS 





Over Temperature Range 





TTL* 4 * 





Logic “0” (V AL ) 



0.8 

V 

Logic “1” (VJ 

2.4 



V 

'ah 


0.05 

1 

pA 

'al 


4 

25 

pA 

TTL Input Overvoltage 

-6 


6 

V 

CMOS 





Logic “0” (V AL ) 



0-3V ref 

V 

Logic “1” (V AH ) 

°' 7V REF 



V 

CMOS Input Overvoltage 

-2 


+V CC +2 

V 

Address A 3 Overvoltage 

-V -2 


+V cc +2 

V 

Digital Input Capacitance 


5 


PF 

Channel Select* 5 * 





Single-Ended 

4-bit Binary Code One of 16 


Differential 

3-bit Binary Code One of 8 


Enable 

Logic “0” Inhibits All Channels 


POWER REQUIREMENTS 





Over Temperature Range 





Rated Supply Voltage 


±15 


V 

Maximum Voltage Between 





Supply Pins 



33 

V 

Total Power Dissipation 


525 


mW 

Allowable Total Power Dissipation* 6 * 



1200 

mW 

Supply Drain (+25°C) 





At 1 MHz Switching Speed 


+35, -39 


mA 

At 100kHz Switching Speed 


+25, -29 


mA 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At T a = +25°C and ±V CC = 15V, unless otherwise noted. 


PARAMETER 

MPC800KG, MPC800SG j 

MIN 

TYP 

MAX 

UNITS 

DYNAMIC CHARACTERISTICS 





Gain Error 


< 0.0003 


% 

Cross Talk< 7 > 

See 

Typical Performance Curves 


T 0PE n (Break-before-make delay) 


20 


ns 

Access Time at +25°C 


100 

150 

ns 

Over Temperature Range 


120 

200 

ns 

Settling Time< 8 > 





to 0.1% (20mV) 


250 


ns 

to 0.01% (2mV) 


800 


ns 

Common-Mode Rejection (Differential) 





DC 


> 125 


dB 

60Hz 


> 75 


dB 

OFF Channel Input Capacitance, C s 


2.5 


PF 

OFF Channel Output Capacitance, C D 


18 


PF 

OFF Input to Output Capacitance, C DS 


0.02 


PF 

TEMPERATURE 





MPC800KG 





Specification 

0 


+75 

°C 

Storage 

-65 


+150 

°C 

MPC800SG 





Specification 

-55 


+125 

°C 

Storage 

-65 


+150 

°C 


NOTES: (1 ) Reference voltage controls noise immunity, normally left open for TTL compatibility and connected to V DD for CMOS compatibility. (2) V, N = ±1 OV, l OUT | 
= lOOpA. (3) Single-ended mode. (4) Logic levels specified for V nEF (pin 13) open. (5) For single-ended operation, connect output A (pin 28) to output B (pin 2) and 
use A 3 (pin 1 4) as an address line. For differential operation connect A 3 to -V cc . (6) Derate 8mW/°C above T A = +75°C. (7) 1 0Vp-p sine wave on all unused channels. 
See Typical Performan Curves. (8) For 20V step input to ON channel, into IkQ load. 


PIN CONFIGURATION 



ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

MPC800KG 

MPC800SG 

Single-Wide Cerdip 
Single-Wide Cerdip 

-0°C to +75°C 
-55°C to +125°C 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

MPC800KG 

28-Pin Single-Wide Cerdip 

228 

MPC800SG 

28-Pin Single-Wide Cerdip 

228 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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Cross Talk (% of OFF Channel Signal) 


For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES 

At T a = +25°C and ±V CC = 1 5V, unless otherwise noted. 



100 Ik 10k 100k 1M 10M 

Signal Frequency (Hz) 



25 35 45 55 65 75 

Temperature (°C) 


COMBINED CMR vs FREQUENCY 



10 100 Ik 10k 100k 1M 

Frequency (Hz) 


R on DRIFT vs TEMPERATURE 



Temperature (°C) 


SETTLING TIME vs SOURCE RESISTANCE 



0.01 0.1 1 10 
Source Resistance (kQ) 


8U«R;-8RSWN® 
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DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the mul- 
tiplexer input voltage to the output depends on the channel 
ON resistance (R 0N ), the load impedance, the source imped- 
ance, the load bias current, and the multiplexer leakage 
current. 


Single-Ended Multiplexer 
Static Accuracy 

The major contributors to static transfer accuracy for single- 
ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the ON 
resistance loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This mini- 
mizes the resistive loading effects of the source resistance 
and multiplexer ON resistance. As a guideline, load 
impedance of 10 8 Q or greater will keep resistive loading 
errors to 0.002% or less for 10000 source impedances. A 
10 6 £2 load impedance will increase source loading error 
to 0.2% or more. 

• Use sources with impedances as low as possible. A 
10000 source resistance will present less than 0.002% 
loading error and lOkO source resistance will increase 
source loading error 0.02% with a 10 8 £2 load impedance. 

Input resistive loading errors are determined by the follow- 
ing relationship (see Figure 1): 

Source and Multiplexer Resistive Loading Error 


e (R + R ) = 


R s + R oi 
R c + R_+ R t 


x 100% 


where, R s = R source 

R l = Load resistance 

R os = Multiplexer ON resistance 



FIGURE 1. MPC800 Static Accuracy Equavalent Circuit 
(Single-ended Operation). 


Input Offset Voltage 

Bias and leakage currents generate an input offset voltage as 
a result of the I R drop across the multiplexer ON resistance 
and source resistance. A load bias current of lOnA, a leakage 
current of InA, and an ON resistance of 7000 will generate 
an offset voltage of 19pV if a 10000 source is used, and 
1 18pV if a lOkO source is used. In general, for the MPC800 
the offset voltage at the output is determined by: 

^OFFSET” + I L )( R ON + R SOURCE^ 

where: 

I B = Bias current of device multiplexer is driving 
I L = Multiplexer leakage current 
R on = Multiplexer ON resistance 
R source = Source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are diffi- 
cult to control, especially when it is used for multiplexing 
low level signals with full scale ranges of lOmV to lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source impedance] 
unbalance, common-mode impedance, load bias current] 
mismatch, load differential impedance mismatch, and com- 
mon-mode impedance of the load all contribute errors to the 
multiplexer. The multiplexer ON resistance mismatch, leak- 
age current mismatch and ON resistance also contribute to 
differential errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described in 
this section, especially for low level multiplexing applica- 
tions. 



FIGURE 2. MPC800 Static Accuracy Equavalent Circuit 
(Differential Operation). 


Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally FET 
input amplifiers should be used for low level signals less 
than 50mV FSR. Low bias current bipolar input amplifi- 
ers are acceptable for signal ranges higher than 50mV 
FSR. Bias current matching will determine input offset. 
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• The system DC common-mode rejection (CMR) can never 
be better than the combined CMR of the multiplexer and 
driven load. System CMR will be less than the device 
which has the lower CMR figure. 

• Load impedances, differential and common-mode should 
be 10 10 Q or higher. 

Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode, and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, ground 
all shields to a common point at the system analog 
common. 

If the MPC800 is used for multiplexing high level signals of 
IV to 10V full scale ranges, the foregoing precautions 
should be taken, but the parameters are not as critical as for 
low level signal applications. 



FIGURE 3. Settling Time Effect (Single-ended). 


SETTLING TIME 

Settling time is the time required for the multiplexer to reach 
and maintain an output within a specified error band of its 
final value in response to a step input. The settling time of 
the MPC800 is primarily due to the channel capacitance and 
a combination of resistances which include the source and 
load resistances. 

If the parallel combination of the source and load resistance 
times the total channel capacitance is kept small, then the 
settling time is primarily affected by internal RCs. For the 
MPC800, the internal capacitance is approximately 20pF 
differential or 40pF single-ended. With external capacitance 
neglected, the time constant of source resistance in parallel 
with load resistance and the internal capacitance should be 
kept less than 40ns. This means the source resistance should 
be kept to less than 2k£2 (assume high load resistance) to 
maintain fast settling times. 

ACCESS TIME 

This is the time required for the CMOS FET to turn ON after 
a new digital code has been applied to the Channel Address 
inputs. It is measured from the 50 percent point of the 
address input signal to the 90 percent point of the analog 
signal seen at the output for a 10V signal change between 
channels. 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from the 
7 differential or 15 signal-ended OFF channels appearing at 
the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel, OFF resistance, and 
junction capacitances in series with the R 0N and R source 
impedance of the ON channel. Crosstalk is measured with a 



FIGURE 4. Settling and Common-Mode Effects (Differential). 
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20Vp-p, 1000Hz sine wave applied to all OFF channels. The 
crosstalk for these multiplexers is shown in the Typical 
Performance Curves. 

COMMON-MODE REJECTION 
(Differential Mode Only) 

The matching properties of the load, multiplexer and source 
affect the common-mode rejection (CMR) capability of a 
differentially multiplexed system. CMR is the ability of the 
multiplexer and input amplifier to reject signals that are 
common to both inputs, and to pass on only the signal 
difference to the output. Protection is provided for common- 
mode signals of ±2V above the power supply voltages with 
no damage to the analog switches. 

The CMR of the MPC800 and Burr-Brown’s model 3630 
instrumentation amplifier is 120dB at DC to 10Hz with a 
6dB/octave rolloff to 80dB at 1000Hz. This measurement of 
CMR is shown in the Typical Performance Curves and is 
made with a Burr-Brown model 3630 instrumentation am- 
plifier connected for a signal of 1000 and with source 
unbalance of lOldL lkQ and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance mis- 
match. 

• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 

• Load and source common-mode impedance. 

AC CMR rolloff is determined by the amount of common- 
mode capacitances (absolute and mismatch) from each sig- 
nal line to ground. Larger capacitances will limit CMR at 
higher frequencies; thus, if good CMR is desired at higher 
frequencies, the common-mode capacitances and unbalance 
of signal lines and multiplexer to amplifier wiring must be 
minimized. Use twisted-shielded pair signal lines wherever 
possible. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ENABLE input, pin 18, is included for expansion of the 
number of channels on a single-node as illustrated in Figure 
5. With the ENABLE line at a logic 1, the channel is selected 
by the Channel Select Address (shown in the Truth Tables). 
If ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Address Lines are active. If the ENABLE line 
is not to be used, simply tie it to logic 1 . 

For the best settling time, the input wiring and interconnec- 
tions between multiplexer output and driven devices should 
be kept as short as possible. When driving the digital inputs 
from TTL, open collector output with pullup resistors are 
recommended. 

To preserve common-mode rejection of the MPC800 use 
twisted-shielded pair wire for signal lines and inter-tier 


connections and/or multiplexer output lines. This will help 
common-mode capacitance balance and reduce stray signal 
pickup. If shields are used, all shields should be connected 
as close as possible to system analog common or to the 
common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL-compat- 
ible by leaving the V REF (pin 13) open or CMOS-compatible 
by connecting the V REF to V DD (CMOS supply voltage). 

16-CHANNEL SINGLE-ENDED OPERATION 

To use the MPC800 as a 16-channel single-ended multi- 
plexer, output A (pin 28) is connected to output B (pin 2) to 
form a single output, then all four address lines (A 0 , A p A 2 
and A 3 ) are used to address the correct channel. 

The MPC800 can also be used as a dual 8-channel single- 
ended multiplexer by not connecting output A and B, but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

8-CHANNEL DIFFERENTIAL OPERATION I 

To use the MPC800 as an 8-channel differential multiplexer,! 
connect address line A 3 to -V cc , then use the remaining 1 
three address lines (A 0 , A, and A 2 ) to address the correct 
channel. The differential inputs are the pairs of A, and B p A 2 
and B 2 , etc. 

TRUTH TABLES 

MPC800 used as 16-channel single-ended multiplexer or 8- 
channel dual multiplexer. 


USE A 3 AS DIGITAL 

ADDRESS INPUT 

“ON” CHANNEL TO 

ENABLE 

a 3 

a 2 

A 

A 

OUT A 

OUT B 

L 

X 

X 

x 

X 

None 

None 

H 

L 

L 

L 

L 

1A 

None 

H 

L 

L 

L 

H 

2A 

None 

H 

L 

L 

H 

L 

3A 

None 

H 

L 

L 

H 

H 

4A 

None 

H 

L 

H 

L 

L 

5A 

None 

H 

L 

H 

[ 

H 

6A 

None 

H 

L 

H 

H 

L 

7A 

None 

H 

L 

H 

H 

H 

8A 

None 

H 

H 

L 

L 

L 

None 

IB 

H 

H 

L 

L 

H 

None 

2B 

H 

H 

L 

H 

L 

None 

3B 

H 

H 

L 

H 

H 

None 

4B 

H 

H 

H 

L 

L 

None 

5B 

H 

H 

H 

L 

H 

None 

6B 

H 

H 

H 

H 

L 

None 

7B 

H 

H 

H 

H 

H 

None 

8B 

[ For 16-channel single-ended function, tie “out A” 

to “out B”, 

for dual 

8-channel function use the A 3 address pin to select between MUX A and 

MUX B, where MUX A is selected with A 3 low. 
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MPC800 used as 8-channel differential multiplexer. 


A 3 CONNECT TO -V cc | 

“ON” CHANNEL TO 

ENABLE 

A 2 

A, 1 

A 0 

OUT A 

OUT B 

L 

X 

X 

X 

None 

None 

H 

L 

L 

L 

1A 

IB 

H 

L 

L 

H 

2A 

2B 

H 

L 

H 

L 

3A 

3B 

H 

L 

H 

H 

4A 

4B 

H 

H 

L 

L 

5A 

5B 

H 

H 

L 

H 

6A 

6B 

H 

H 

H 

L 

7A 

7B 

H 

H 

H 

H 

8A 

8B 


CHANNEL EXPANSION 
Single-Tier Expansion 

Up to four MPC800s can be connected to a single node to 
form a 64-channel single-ended multiplexer or up to eight 
MPC800s can be connected to two nodes to form a 
64-channel differential multiplexer. Programming is accom- 
plished with a 6-bit address and a l-of-4 decoder for 
64-channel single-ended expansion (see Figure 5), and an 
8-bit address and a l-of-8 decoder for 64-channel differen- 
tial expansion. The decoder drives the enable inputs of the 
MPC800, turning on only one multiplexer at a time. 



FIGURE 5. 32- to 64-Channel, Single-tier Expansion. 


Two-Tier Expansion 

Up to seventeen MPC800s can be connected in a two-tier 
structure to form a 256-channel single-ended multiplexer 
(see Figure 6) or up to nine MPC800s can be connected in 
a two-tier structure to form a 64-channel differential multi- 
plexer. Programming is accomplished with an 8-bit address. 

Single vs Multitiered Channel Expansion 

In addition to reducing programming complexity, two-tier 
configuration offers the added advantages over single-node 
expansion of reduced OFF channel current leakage (reduced 
offset), better CMR, and a more reliable configuration if a 
channel should fail in the ON condition (short). Should a 
channel fail ON in the single-node configuration, data can- 
not be taken from any channel, whereas only one-channel 
group is failed (8 or 16) in the multitiered configuration. 



FIGURE 6. Channel Expansion up to 256 Channels Using 
16 X 16 Two-tiered Expansion. 
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CMOS ANALOG MULTIPLEXER 


FEATURES 

• HIGH SPEED 
80ns Access Time 
800ns Settling to 0.01% 
250ns Settling to 0.1% 

• USER-PROGRAMMABLE 
8-Channel Single-Ended or 
4-Channel Differential 


• SELECTABLE TTL OR CMOS 
COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES ■ 
Break-Before-Make Switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 18-PIN HERMETIC DUAL-IN-LINE 
PACKAGE 


A 2 Q Q 

H H L 



DESCRIPTION 

The MPC801 is a high speed multiplexer that is user- 
programmable for 8-channel single-ended operation 
or 4-channel differential operation and for TTL or 
CMOS compatibility. 

The MPC801 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer thereby facilitat- 
ing channel expansion by adding additional multi- 
plexers. 

High quality processing is employed to produce CMOS 
FET analog channel switches which have low leakage 
current, low ON resistance, high OFF resistance, low 
feedthrough capacitance, and fast settling time. 

Two models are available, the MPC801KG for opera- 
tion from 0°C to +75°C and the MPC801SG for 
operation from -55°C to +125°C. 


Input Buffer and Decoders 


Multiplexer 

Switches 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and ±V CC = 15V, unless otherwise noted. 



MPC801KG, MPC801SG 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ANALOG INPUTS 





Voltage Range 

-15 


+15 

V 

Maximum Overvoltage 

-V -2 

v cc 


+V CC +2 

V 

Number of Input Channels 





Differential 

4 




Single-Ended 

8 




Reference Voltage Range* 1 > 

6 


10 

V 

ON Characteristics* 2 ’ 





ON Resistance (R ON ) at +25°C 


500 

750 

Q 

Over Temperature Range 


700 

1000 

Q 

R on Drift vs Temperature 

See Typical Performance Curves 


R on Mismatch 


< 10 


Q 

ON Channel Leakage 


0.1 


nA 

Over Temperature Range 


0.3 

50 

nA 

ON Channel Leakage Drift 

See Typical Performance Curves 


OFF Characteristics 





OFF Isolation 


90 


dB 

OFF Channel Input Leakage 


0.05 


nA 

Over Temperature Range 


0.6 

50 

nA 

OFF Channel Input Leakage Drift 

See Typical Performance Curves 


OFF Channel Output Leakage 


0.1 


nA 

Over Temperature Range 


0.30 

50 

nA 

OFF Channel Output Leakage Drift 

See 

Typical Performance Curves 


Output Leakage 





(All channels disabled)* 3 ’ 


0.02 


nA 

Output Leakage with Overvoltage 





+16V Input 


< 0.35 


mA 

-16V Input 


< 0.65 


mA 

DIGITAL INPUTS 





Over Temperature Range 





TTL* 4 ’ 





Logic “0” (V AL ) 



0.8 

V 

Logic “1” (V AH ) 

2.4 



V 

'ah 


0.05 

1 

pA 

■al 


4 

20 

pA 

TTL Input Overvoltage 

-6 


6 

V 

CMOS 





Logic “0” (V AL ) 



0.3V ref 

V 

Logic “1” (V AH ) 

0-7V ref 



V 

CMOS Input Overvoltage 

-2 


+V CC +2 

V 

Address A 2 Overvoltage 

-Vcc -2 


+V C c +2 

V 

Digital Input Capacitance 


5 


PF 

Channel Select* 5 ’ 





Single-Ended 

3-bit Binary Code One of 8 


Differential 

2-bit Binary Code One of 4 


Enable 

Logic “0” Inhibits All Channels 


POWER REQUIREMENTS 





Over Temperature Range 





Rated Sypply Voltage 


±15 


V 

Maximum Voltage Between 





Supply Pins 



33 

V 

Total Power Dissipation 


360 


mW 

Allowable Total Power Dissipation* 6 ’ 



725 

mW 

Supply Drain (+25°C) 





At 1MHz Switching Speed 


+14, -12.5 


mA 

At 100kHz Switching Speed 


+12.5, -12.5 


mA 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At T a = +25°C and ±V CC = 1 5V, unless otherwise noted. 



MPC801KG, MPC801SG 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

DYNAMIC CHARACTERISTICS 





Gain Error 


< 0.0003 


% 

Cross Talk< 7 > 

See Typical Performance Curves 


t open (Break-before-make delay) 


20 


ns 

Access Time at +25°C 


80 

125 

ns 

Over Temperature Range 


110 

150 

ns 

Settling Time* 8 ’ 





to 0.1% (20m V) 


250 


ns 

to 0.01% (2mV) 


800 


ns 

Common-Mode Rejection (Differential) 





DC 


> 125 


dB 

60Hz 


> 75 


dB 

OFF Channel Input Capacitance, C s 


1.9 


PF 

OFF Channel Output Capacitance, C 0 


10 


PF 

OFF Input to Output Capacitance, C DS 


0.02 


pF 

TEMPERATURE 





MPC800KG 





Specification 

0 


+75 

°C 

Storage 

-65 


+150 

°C 

MPC800SG 





Specification 

-55 


+ 125 

°C 

Storage 

-65 


+150 

°C 


NOTES: (1 ) Reference voltage controls noise immunity, normally left open for TTL compatibility and connected to V DD for CMOS compatibility. (2) V IN = ±1 OV, l 0UT l 
= lOOpA. (3) Single-ended mode. (4) Logic levels specified for V REF (pin 8) open. (5) For single-ended operation, connect output A (pin 18) to output B (pin 2) and* 
use A 2 (pin 9) as an address line. For differential operation connect A 2 to -V cc . (6) Derate 8mW/°C above T A = +75°C. (7) 1 0Vp-p sine wave on all unused channels. 
See Typical Performance Curves. (8) For 20V step input to ON channel, into Ikfl load. 


PIN CONFIGURATION 


Top View 



Out A 

-V cc 

IN4/4A 

IN3/3A 

IN2/2A 

INI/1 A 

ENABLE 

A o 

A i 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

MPC801KG 

MPC801SG 

Cerdip 

Cerdip 

0°C to +75°C 
-55°C to +125°C 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

MPC801KG 

18-Pin Single-Wide Cerdip 

266 

MPC801SG 

18-Pin Single-Wide Cerdip 

266 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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Cross Talk (% of OFF Channel Signal) 
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TYPICAL PERFORMANCE CURVES 

At T a = +25°C and ±V CC = 15V, unless otherwise noted. 




100 Ik 10k 100k 1M 10M 25 35 45 55 65 75 

Signal Frequency (Hz) Temperature (°C) 


COMBINED CMR vs FREQUENCY 



10 100 Ik 10k 100k 1M 

Frequency (Hz) 


SETTLING TIME vs SOURCE RESISTANCE 



0 0.01 0.1 1 10 100 
Source Resistance (kfi) 


R on DRIFT vs TEMPERATURE 



Temperature (°C) 
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DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the mul- 
tiplexer input voltage to the output depends on the channel 
ON resistance (R 0N ), the load impedance, the source imped- 
ance, the load bias current, and the multiplexer leakage 
current. 


Single-Ended 

Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for single- 
ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the ON 
resistance loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This mini- 
mizes the resistive loading effects of the source resistance 
and multiplexer ON resistance. As a guideline, load 
impedance of 10 8 Q or greater will keep resistive loading 
errors to 0.002% or less for 10000 source impedances. A 
10 6 Q load impedance will increase source loading error 
to 0.2% or more. 

• Use sources with impedances as low as possible. A 
1000Q source resistance will present less than 0.002% 
loading error and lOkCt source resistance will increase 
source loading error 0.02% with a 10 8 £2 load impedance. 

Input resistive loading errors are determined by the follow- 
ing relationship (see Figure 1): 

Source and Multiplexer Resistive Loading Error 


R s + Rqn 

e (R_ + R.J = 5 — x 100% 

s 0N Rc + R™.,+ R, 


where, R s = R source 

R l = Load resistance 

R os = Multiplexer ON resistance 



FIGURE 1. MPC801 Static Accuracy Equivalent Circuit 
(Single-ended Operation). 


Input Offset Voltage 

Bias and leakage currents generate an input offset voltage as 
a result of the voltage drop across the multiplexer ON 
resistance and source resistance. A load bias current of 
lOnA, a leakage current of In A, and an ON resistance of 
7000 will generate an offset voltage of 19pV if a 1000Q 
source is used, and 118pV if a lOkO source is used. In 
general, for the MPC801 the offset voltage at the output is 
determined by: 

^OFFSET = + V (^ON + ^SOURCE^ 

where: 

I B = Bias current of device multiplexer is driving 
I L = Multiplexer leakage current 
R on = Multiplexer ON resistance 
R source = Source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are diffi- 
cult to control, especially when it is used for multiplexing 
low level signals with full scale ranges of lOmV to lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining thel 
transfer accuracy of the multiplexer. The source impedancel 
unbalance, common-mode impedance, load bias current 
mismatch, load differential impedance mismatch, and com- 
mon-mode impedance of the load all contribute errors to the 
multiplexer. The multiplexer ON resistance mismatch, leak- 
age current mismatch and ON resistance also contribute to 
differential errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described in 
this section, especially for low level multiplexing applica- 
tions. 



FIGURE 2. MPC801 Static Accuracy Equivalent Circuit 
(Differential Operation). 


Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low level signals less 
than 50mV FSR. Low bias current bipolar input amplifi- 
ers are acceptable for signal ranges higher than 50mV 
FSR. Bias current matching will determine input offset. 
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• The system DC common-mode rejection (CMR) can never 
be better than the combined CMR of multiplexer and 
driven load. System CMR will be less than the device 
which has the lower CMR figure. 

• Load impedances , differential and common-mode should 
be 10 10 n or higher. 

Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, ground 
all shields to a common point at the system analog 
common. 

If the MPC801 is used for multiplexing high level signals of 
IV to 10V full scale ranges, the foregoing precautions 
should be taken, but the parameters are not as critical as for 
low level signal applications. 



FIGURE 3. Settling Time Effects (Single-ended). 


SETTLING TIME 

Settling time is the time required for the multiplexer to reach 
and maintain an output within a specified error band of its 
final value in response to a step input. The settling time of 
the MPC801 is primarily due to the channel capacitance and 
a combination of resistances which include the source and 
load resistances. 

If the parallel combination of the source and load resistance 
times the total channel capacitance is kept small, then the 
settling time is primarily affected by internal RCs. For the 
MPC801, the internal capacitance is approximately lOpF 
differential or 20pF single-ended. With external capacitance 
neglected, the time constant of source resistance in parallel 
with load resistance and the internal capacitance should be 
kept less than 40ns. This means the source resistance should 
be kept to less than 4k£2 (assume high load resistance) to 
maintain fast settling times. 

ACCESS TIME 

This is the time required for the CMOS FET to turn ON after 
a new digital code has been applied to the Channel Address 
inputs. It is measured from the 50 percent point of the 
address input signal to the 90 percent point of the analog 
signal seen at the output for a 10V signal change between 
channels. 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from the 
3 differential or 7 signal-ended OFF channels appearing at 
the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel. OFF resistance, and 
junction capacitances in series with the R ON and R source 
impedances of the ON channel. Crosstalk is measured with 



FIGURE 4. Settling and Common-Mode Effects (Differential). 
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a 20Vp-p, 1000Hz sine wave applied to all OFF channels. 
The crosstalk for these multiplexers is shown in the Typical 
Performance Curves. 

COMMON-MODE REJECTION 
(Differential Mode Only) 

The matching properties of the load, multiplexer and source 
affect the common-mode rejection (CMR) capability of a 
differentially multiplexed system. CMR is the ability of the 
multiplexer and input amplifier to reject signals that are 
common to both inputs, and to pass on only the signal 
difference to the output. Protection is provided for common- 
mode signals of ±2V above the power supply voltages with 
no damage to the analog switches. 

The CMR of the MPC801 and Burr-Brown’s model 3630 
instrumentation amplifier is 120dB at DC to 10Hz with a 
6dB/octave rolloff to 80dB at 1000Hz. This measurement of 
CMR is shown in the Typical Performance Curves and is 
made with a Burr-Brown model 3630 instrumentation am- 
plifier connected for a gain of 1000 and with source unbal- 
ance of lOkD, lkQ and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance mis- 
match. 

• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 

• Load and source common-mode impedance. 

AC CMR rolloff is determined by the amount of common- 
mode capacitances (absolute and mismatch) from each sig- 
nal line to ground. Larger capacitances will limit CMR at 
higher frequencies; thus, if good CMR is desired at higher 
frequencies, the common-mode capacitances and unbalance 
of signal lines and multiplexer to amplifier wiring must be 
minimized. Use twisted-shielded pair signal lines wherever 
possible. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ENABLE input, pin 12, is included for expansion of the 
number of channels on a single-node as illustrated in Figure 
5. With the ENABLE line at a logic 1, the channel is selected 
by the Channel Select Address (shown in the Truth Tables). 
If ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Address Lines are active. If the ENABLE line 
is not to be used, simply tie it to logic 1. 

For the best settling time, the input wiring and interconnec- 
tions between multiplexer output and driven devices should 
be kept as short as possible. When driving the digital inputs 
from TTL, open collector output with pullup resistors are 
recommended. 

To preserve common-mode rejection of the MPC801, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will help 


common-mode capacitance balance and reduce stray signal 
pickup. If shields are used, all shields should be connected 
as close as possible to system analog common or to the 
common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL-compat- 
ible by leaving the V REF (pin 8) open, or CMOS-compatible 
by connecting the V REF to V DD (CMOS supply voltage). 

16-CHANNEL SINGLE-ENDED OPERATION 

To use the MPC801 as a 8-channel single-ended multi- 
plexer, output A (pin 18) is connected to output B (pin 2) to 
form a single output, then all three address lines (A 0 , and 
A 2 ) are used to address the correct channel. 

The MPC801 can also be used as a dual channel single- 
ended multiplexer by not connecting output A and B, but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

8-CHANNEL DIFFERENTIAL OPERATION 

To use the MPC801 as an 4-channel differential multiplexer,! 
connect address line A 2 to -V cc then use the remaining! 
two address lines (A 0 , and A,) to address the correct channel. 
The differential inputs are the pairs of Aj and B p A 2 and B 2 , 
etc. 


TRUTH TABLES 

MPC801 used as an 8-channel single-ended multiplexer or 
4-channel dual multiplexer. 


USE A 2 AS DIGITAL ADDRESS INPUT 

“ON” CHANNEL TO 

ENABLE 

a 2 

A 

A 0 

OUT A 

OUT B 

L 

X 

X 

X 

None 

None 

H 

L 

L 

L 

1A 

None 

H 

L 

L 

H 

2A 

None 

H 

L 

H 

L 

3A 

None 

H 

L 

H 

H 

4A 

None 

H 

H 

L 

L 

None 

IB 

H 

H 

L 

H 

None 

2B 

H 

H 

H 

L 

None 

3B 

H 

H 

H 

H 

None 

4B 

For 8-channel single-ended function, tie “out A” to “out B”, for dual 
4-channel function use the A 2 address pin to select between MUX A and 
MUX B, where MUX A is selected with A 2 low. 


MPC801 used as a 4-channel differential multiplexer. 


a 2 connect to -v cc 

“ON” CHANNEL TO 

ENABLE 

A, 

A„ 

OUT A 

OUT B 

L 

X 

X 

None 

None 

H 

L 

L 

1 A 

IB 

H 

L 

H 

2A 

2B 

H 

H 

L 

3A 

3B 

H 

H 

H 

4A 

4B 
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CHANNEL EXPANSION 
Single-Tier Expansion 

Up to eight MPC801s can be connected to a single node to 
form a 64-channel single-ended multiplexer, or up to eight 
MPC801s can be connected to two nodes to form a 
32-channel differential multiplexer. Programming is 
accomplished with a 6-bit address and a l-of-8 decoder (see 
Figure 5). The decoder drives the enable inputs of the 
MPC801 turning on only one multiplexer at a time. 

Two-Tier Expansion 

Up to nine MPC801s can be connected in a two-tier structure 
to form a 64-channel single-ended multiplexer (see Figure 


6), or up to five MPC801s can be connected in a two-tier 
structure to form a 16-channel differential multiplexer. Pro- 
gramming is accomplished with a 6-bit address. 

SINGLE VS MULTITIERED CHANNEL EXPANSION 

In addition to reducing programming complexity, two-tier 
configuration offers the added advantages over single-node 
expansion of reduced OFF channel current leakage (reduced 
Offset), better CMR, and a more reliable configuration if a 
channel should fail in the ON condition (short). Should a 
channel fail ON in the single-node configuration, data can- 
not be taken from any channel, whereas only one-channel 
group is failed (4 or 8) in the multitiered configuration. 


O— j Ini 
o4 In2 


0-1 Ini 
0-4 In2 


j: 


A 0 A 1 A 2 


MPC801 


0-4 In8 


Enable 
Out A 
Out B 


_L 


A 0 A 1 A 2 


Enable 
Out A 
Out B 


6-Bit Channel 
Address Generator 


tr 


tr 


1 of 8 
Decoder 


Multiplexer 
Output 
-O 


To multiplexers 3 - 8 


FIGURE 5. 64-channel, Single-tier, Single-ended Expansion. 



To multiplexers 3 - 8 


FIGURE 6. 64-channel, Two-tier, Single-ended Expansion. 
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6 Sample/Hold Amplifiers 


Sample/hold amplifiers are a key part of an A/D 
conversion solution. While many new A/D con- 
verters have a self-contained sample/hold on the 
A/D chip, sample/hold amplifiers play a role in 
specialized applications such as multiple channel 
simultaneous sampling, and ultra-high speed sam- 
pling and multichannel output applications. 

Burr-Brown products range from the industry stan- 
dards SHC298 and SHC5320, now available in the 


SOIC package, to the high-speed SHC605 and the 
high-resolution SHC702. 

Use of a sample/hold increases the sampling band- 
width of an analog-to-digital converter by up to 
four orders of magnitude, while insuring that an 
accurate value of the signal to be converter is 
captured at a specific instant in time. 


HIGH-SPEED SAMPLE/HOLD AMPLIFIERS 





Boldface = 

NEW 

Gain 

Error 

Description Model (%) 

Offset 

Error 

(mV) 

Ampl BW 
-3dB, 
(MHz) 

Acq 
Time 
(ps max) 

Droop 

Rate 

(pV/ps) 

Temp 

Range (1) 

Input 

Range 

(Vp-p) 

Q(3) 

Pkg (2) Screen 

Page 

No. 


Highspeed SHC804 ±0.1 ±3 16 0.35 ±5 Ind 20 HMD Q 6.49 



Highspeed SHC803 ±0.1 ±3 16 0.35 ±5 Ind 20 HMD Q 6.49 

with Buffer 


Ultra-High 

Speed 

SHC600 

±0.1 

±5 

70 

0.05 

±180 

Ind 

2.5 

CDIP 

Q 

A 

Low Cost 

SHC605 

±0.1 

±5 

125 

0.02W 

±5000 

Ext 

4.0 

16-p SOIC 

- 

6.15 

High 

Linearity 

SHC702 

±0.1 

±3 

3 

0.8 

±2 

Ind 

20 

24-p HMD 

— 

2.88 


NOTES: (1) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +125°C, Ext = -40°C to +85°C. (2) MC = 
Metal Can, PDIP = Plastic DIP, HCD = Hermetic Ceramic DIP, CD = Ceramic DIP, HMD = Hermetic Metal DIP, SOIC = Surface Mount Package. 

(3) Q indicates optional reliability screening is available for this model. Bl indicates that an optional 160 hour burn-in is available for the model. 

(4) Typical. 


SAMPLE/HOLD AMPLIFIERS Boldface = NEW 


Description 

Model 

Gain 

Error 

(%) 

Offset 

Error 

(mV) 

Charge 

Offset 

(mV) 

Acq 
Time 
(ps max) 

Droop 

Rate 

(pV/ms) 

Temp 

Range (1) 

Pkg (2) 

Q, Bl< 3 > 
Screen 

Page 

No. 

Fast, 

High Accuracy 

SHC76 

±0.02 

±3 

±6typ 

3 

1 

Ind, Com, Miil 

HMD 


6.2 

Low Cost, Fast 
Industry Std 

SHC5320 

NA 

±0.5 

±1 typ 

1.5 

0.5 

Com, Mil HCD Bl 

PDIP, SOIC, Die 

6.53 

Lowest Cost 
Industry Std 

SHC298 

±0.01 

±7 

±25 max 

10 

100 

Com, Ind 

PDIP, 
MC, SOIC 

Bl 

6.7 

Wideband 

DC Restoration 
Circuit 

SHC615 

0.1 w 

8 

1.5 (4 > 

1 5ps (4) 

1 60 (4) 

Xlind 

PDIP, 

SOIC 


6.30 


NOTES: (1) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Xlind = -40°C to +85°C, Mil = -55°C to +125°C, Ext = -40°C 
to +85°C. (2) MC = Metal Can, PDIP = Plastic DIP, HCD = Hermetic Ceramic DIP, CD = Ceramic DIP, HMD = Hermetic Metal DIP, SOIC 
= Surface Mount Package. (3) Q indicates optional reliability screening is available for this model. Bl indicates that an optional 1 60 hour burn- 
in is available for the model. (5) With 27pF external hold capacitor. 
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SAMPLE/HOLD AMPLIFIER 


FEATURES 

• FAST (6|LLS max) ACQUISITION TIME 
(14-bit) 

• APERTURE JITTER 400ps 

• POWER DISSIPATION: 300mW 

• COMPATIBLE WITH HIGH RESOLUTION 
A/D CONVERTERS ADC76, PCM75, AND 
ADC71 


DESCRIPTION 

The SHC76 is fast, high-accuracy hybrid sample/hold 
circuit suitable for use in high-resolution data acquisi- 
tion systems. 

The SHC76 is complete with internal hold capacitor 
and incorporates an internal compensation network 
which minimizes sample-to-hold charge offset. The 
SHC76 is configured as a unity-gain inverter. 

High-resolution converters such as the ADC76 and 
ADC71 are compatible with SHC76 in forming 
complete, 14-bit accurate analog-to-digital conversion 
systems. 

The SHC76 comes in a 14-pin single-wide hermetic 
metal DIP. Power supply requirements are specified 
from ±14.5V to ±15.5V with guaranteed operation 
from ± 11.4V to ±18V. Input voltage range is ±10V. 
The SHC76 is available in two temperature ranges: 
KM, for 0°C to +70°C; and BM, for -25°C to +85°C 
operation. 


Summing 

Junction 

3kQ Q 3kQ 
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SPECIFICATIONS 

ELECTRICAL 

Typical at +25°C, and nominal power supply voltage of ±15V, unless otherwise noted. 



SHC76KM, BM 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ANALOG INPUTS 

Voltage Range 

±10 



V 

Overvoltage, no damage 



±15 

V 

Impedance 


3000 


Q 

DIGITAL INPUT 





(TTL-Compatible) 

Track Mode, Logic “1” 

2 


5.5 

V 

Hold Mode, Logic “0” 

0 


0.8 

V 

l IH , V IH = 2.4V 



400 

pA 

l 1L , V IL = 0.4V 



1000 

pA 

ANALOG OUTPUT 

Voltage 


±10 


V 

Current 


5 


mA 

Short-Circuit Current 


20 


mA 

Impedance 


1 


O 

DC ACCURACY/STABILITY 

Gain 


-1.00 


v/v 

Gain Error 


±0.01 

±0.02 

% 

Gain Nonlinearity 
(±10V Output Track) 


±0.001 


% 

Gain Temperature Coefficient 


1 

5 

ppm/°C 

Offset Voltage* 1 ' 



±3 

mV 

Output Offset at T MIN , T MAX (Track) 


±6 


mV 

TRACK MODE DYNAMICS 

Freqency Response 





Small Signal (-3dB) 


1.5 


MHz 

Full Power Bandwidth 


0.5 


MHz 

Slew Rate 

Noise in Track Mode 


30 


V/ps 

(DC to 1 .0MHz) 


200 


pVrms 

TRACK-TO-HOLD SWITCHING 

Aperture Time 


30 


ns 

Aperture Uncertainty (Jitter) 


0.4 


ns 

Offset Step (Pedestal) 


±2 

±4 

mV 

Pedestal at Temperature 





KM Grade 


±4 


mV 

BM Grade 


±6 


mV 

Switching Transient 





Amplitude 


200 


mV 

Settling to 1 mV 


0.5 

2 

ps 

Settling to 0.3mV 


1 

3 

ps 

HOLD MODE DYNAMICS 

Droop Rate 


0.1 

1 

pV/ps 

Droop Rate at T MAX 

Feedthrough Rejection 



100 

pV/ps 

(lOVp-p, 20kHz) 

74 

86 


dB 

HOLD-TO-TRACK DYNAMICS 

Acquisition Time 





To ±0.01% of 20V 


1.5 

3 

ps 

To ±0.003% of 20V 


4 

6 

ps 

POWER REQUIREMENTS 

Nominal Voltages for Rated 





Performance 

±14.5 

±15 

±15.5 

V 

Operating Range® 

±11.4 


±18 

V 

Power Supply Rejection 


100 


pV/V 

Supply Current: +V S 


15 

20 

mA 

-V s 


-4 

-10 

mA 

Power Dissipation 


300 

500 

mW 

TEMPERATURE RANGE 

Operating: KM Grade 

0 


+70 

°C 

BM Grade 

-25 


+85 

°C 

Storage 

-55 


+125 

°C 


NOTES: (1) Adjustable to zero with external circuit. (2) Operating to derated performance with V IN < V s -5V. 
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CONNECTION DIAGRAM 



ABSOLUTE MAXIMUM RATINGS* 1 * 


Voltage Between +V CC and -Vcc Terminals 40V 

Input Voltage Actual Supply Voltage 

Differential Input Voltage ±24V 

Digital Input Voltage -0.5V to +5.5V 

Output Current Continuous* 2 ) ±20mA 

Internal Power Dissipation 500mW 

Storage Temperature Range -65°C < T A < +150°C 

Output Short-Circuit Duration* 3 ) Momentary to Common 

Lead Temperature (soldering, 10s) +300°C 


CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

NOTES: (1) Absolute maximum ratings are limiting values, applied individually, 
beyond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. (2) Internal 
power dissipation may limit output current to less than +20mA. (3) WARNING: 
This device cannot withstand even a momentary short circuit to either 
supply. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

SHC76KM 

14-Pin Single-Wide, 
Hermetic Metal DIP 

0°C to +70°C 

SHC76BM 

14-Pin Single-Wide, 
Hermetic Metal DIP 

-25°C to +85°C 


PIN ASSIGNMENTS 


usm 

DESCRIPTION 


DESCRIPTION 


Digital Input 

8 

Analog Output 


No Connection 

9 

Offset Adjust 


No Connection 

10 

No Connection 


Digital Ground 

11 

+15V Supply 


No Connection 

12 

Summing Junction 

6 

Analog Ground 

13 

Analog Input 

7 

Offset Adjust 

14 

-15V Supply 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

SHC76KM 

14-Pin Single-Wide, 
Hermetic Metal DIP 

107 

SHC76BM 

14-Pin Single-Wide, 
Hermetic Metal DIP 

107 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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DISCUSSION OF 
SPECIFICATIONS 

THROUGHPUT NONLINEARITY 


SAMPLE-TO-HOLD SWITCHING TRANSIENT 

The switching transient which appears on the output when 
the sample/hold is switched from Sample to Hold. Both the 
magnitude and the settling time of the transient are specified. 


This is defined as total Hold mode, nonadjustable, input to 
output error caused by charge offset, gain nonlinearity, 
droop, feedthrough, and thermal transients. It is the inaccu- 
racy due to these errors which cannot be corrected by Offset 
and Gain adjustments. 

GAIN ERROR 

The difference between the input and output voltage magni- 
tude (in the Sample mode) due to the amplifier gain errors. 

DROOP RATE 

The voltage decay at the output when in the Hold mode due 
to storage capacitor and FET switch leakage current and the 
input bias current of the output amplifier. 

FEEDTHROUGH 

The amount of output voltage change caused by an input 
voltage change when the sample/hold is in the Hold mode. 

APERTURE DELAY TIME 

The time required to switch from Sample to Hold. The time 
is measured from the 50% point of the Hold mode control 
transition to the time at which the output stops tracking the 
input. 

APERTURE UNCERTAINTY TIME 

The nonrepeatibility of aperture delay time. 


SAMPLED DATA ACQUISITION 
SYSTEM CALCULATIONS 

The rated accuracy of an A/D converter in combination with 
the aperture uncertainty of a sample/hold determine the 
maximum theoretical input slew rate (frequency) of a given 
sampled data system. 

Sine Wave f MAX = (2" N FSR) + (2 n A t) 

A = max Input Signal Amplitude (peak-to-peak) 

FSR = Full-Scale Range of A/D Converter 
t = Aperture Uncertainty of S/H (jitter) 

N = Number of Bits Accuracy 

Given below are the maximum input frequencies of two 
A/D converters in conjunction with the SHC76: 

SHC76 13-bit Sine Wave f MAX = 

(0.000122 • 20V) - (2 • 7t • 20V • 0.4ns) = 48.6kHz 

SHC76 14-bit Sine Wave f MAX = 

(0.000061 • 20V) + (2 • ic • 20V • 0.4ns) = 24.3kHz 

The maximum throughput rate is determined by adding all 
critical conversion process times together. Throughput rate 
cannot exceed the maximum input frequency determined by. 
the accuracy and jitter specs without degrading system! 
performance. Two samples per period of a sine wave are| 
required to satisfy the Nyquist sampling theorem. A low- 
pass filter is required to cut off frequencies higher than the 
maximum throughput frequency to prevent aliasing errors 
from occurring. 


ACQUISITION TIME 

The time required for the sample/hold output to settle within 
a given error band of its final value when the sample/hold is 
switched from Hold to Sample. 

CHARGE OFFSET (PEDESTAL) 

The output voltage change that results from charge coupled 
into the Hold capacitor through the gate capacitance of the 
switching field effect transistor. This charge appears as an 
offset at the output. 



Throughput f MAX (2 samples) = 

1 -s- [2 (S/H acquisition time + S/H settling time 
+ A/D conversion time)] 

Table I is a listing of various A/D throughput rates using the 
SHC76 S/H amplifier (assuming two samples per period). 



ACCURACY 

CONVERSION 

RESOLUTION 

THROUGHPUT 

CONVERTER 

(Bits) 

SPEED (|is) 

(Bits) 

Fmax (kHz) 

ADC76KG 

14 

17 

16 

19.2 


14 

16 

15 

20.0 


14 

15 

14 

20.8 

ADC76JG 

13 

17 

16 

23.8 


13 

16 

15 

25.0 


13 

15 

14 

26.3 

ADC71KG 

14 

57 

16 

7.58 


14 

54 

15 

7.94 


14 

50 

14 

8.47 

ADC71JG 

13 

57 

16 

8.20 


13 

54 

15 

8.62 


13 

50 

14 

9.26 


TABLE I. A/D Converter Throughput Rates. 


FIGURE 1. Definition of Acquisition Time, Droop and 
Sample-to-Hold Transient. 
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APPLICATIONS 

Figures 2 and 3 show the SHC76 in combination with an 
ADC76 and ADC71 to provide 14-bit accurate A/D conver- 
sion systems. 



FIGURE 2. A 20kHz A/D Conversion System (14-bit 
accurate). 


FIGURE 3. A 8.47kHz A/D Conversion System (14-bit 
accurate). 
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SHC298 

SHC298A 


Monolithic 

SAMPLE/HOLD AMPLIFIER 


FEATURES 

• 12-BIT THROUGHPUT ACCURACY 

• LESS THAN IOjis ACQUISITION TIME 

• WIDEBAND NOISE LESS THAN 20jiVrms 

• RELIABLE MONOLITHIC CONSTRUCTION 

• 10 10 £2 INPUT RESISTANCE 

• TTL-CMOS-COMPATIBLE LOGIC INPUT 


Analog 

Input 



Mode Control (S/H) Input 


DESCRIPTION 

The SHC298 and SHC298A are high-performance 
monolithic sample/hold amplifiers featuring high DC 
accuracy with fast acquisition times and a low droop 
rate. Dynamic performance and holding performance 
can be optimized with proper selection of the external 
holding capacitor. With a lOOOpF holding capacitor, 
12-bit accuracy can be achieved with a 6|is acquisition 
time. Droop rates less than 5mV/min are possible with 
a lpF holding capacitor. 

These sample/holds will operate over a wide supply 
voltage ranging from +5V to ±18V with very little 
change in performance. A separate Offset Adjust pin 
is used to adjust the offset in either the Sample on the 
Hold modes. The fully differential logic inputs have 
low input current, and are compatible with TTL, 5V 
CMOS, and CMOS logic families. 

The SHC298AM is available in a hermetically sealed 
8-pin TO-99 package and is specified over a tempera- 
ture range from -25°C to +85°C. The SHC298JP and 
SHC298JU are 8-pin plastic DIP and SOIC packaged 
parts specified over 0°C to +70°C. 

The SHC298AJP, specified over 0°C to +70°C, is 
available in an 8-pin plastic DIP. The SHC298A grade 
features improved gain and offset error, improved drift 
over temperature, and faster acquisition time. 

The SHC298 family is a price-performance bargain. It 
is well suited for use with several 12-bit A/D convert- 
ers in data acquisition systems, data distribution 
systems, and analog delay circuits. 
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SPECIFICATIONS 


ELECTRICAL 

Tj = +25°C, ±15V supplies, lOOOpF holding capacitor, -11.5V< V IN < +11.5, R L = 10k£2, Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless otherwise 
noted. 



SHC298AM/JP/JU 

SHC298AJP 


PARAMETER 




MIN 

TYP 

MAX 

UNITS 

ANALOG INPUT 








Resistance 


10 10 



* 


a 

Bias Current* 1 ) 


10 

50 


* 

25 

nA 

DIGITAL INPUT 

Pin 7 

Pin 8 

Circuit State 


Mode Control Truth Table 

OV 

+2.4V 

Sample (Track) 



0V 

+0.8V 

Hold 



+2.4V 

+2.8V 

Hold 



+0.8V 

+2.8V 

Sample (Track) 


Mode Control and Mode Control Reference Input Current 



10 




pA 

Differential Logic Threshold 

0.8 

1.4 

2.4 




V 

TRANSFER CHARACTERISTICS 

ACCURACY (+25°C) 








Throughput Nonlinearity for Hold Time < 1 ms 


±0.010 

±0.015 


* 

* 

% of 20V 

Gain 


+1 



* 


V/V 

Gain Error 


±0.004 

±0.010 


±0.001 

±0.005 

% 

Input Voltage Offset (adjust to zero)* 1 ) 


±2 

±7 


±1 

±2 

mV 

Droop Rate* 1 ) 


±30 

±200 


* 

±100 

|iV/ms 

Charge Offset* 2 ) 


±15 

±25 


* 

* 

mV 

Noise (rms) 10Hz to 100kHz 


10 

20 


* 

* 

pV 

Power Supply Rejection 


±25 

±100 


* 

* 

pV/V 

ACCURACY DRIFT 








Gain Drift 


3 

4 


1 

2 

ppm/°C 

Input Offset Drift 


15 

70 


* 

25 

pV/°C 

Charge Offset Drift, C = lOOOpF 


50 

150 


* 

* 

pV/°C j 

Charge Offset Drift, C = 1 0,000pF 


20 

50 


* 

* 

pV/°C 

Droop Rate at Tj = +85°C 


1 

10 


* 

* 

mV/ms 

DYNAMIC CHARACTERISTICS 








Full Power Bandwidth, C = 1 0OOpF 

75 

125 



* 


kHz 

Full Power Bandwidth, C = 10,OOOpF 

10 

16 


* 

* 


kHz 

Output Slew Rate, C = lOOOpF 

7 

10 


* 

* 


V/ps 

Output Slew Rate, C = 10,000pF 

1.4 

2 



* 


V/ps 

Aperture Time : Negative Input Step 


200 

250 


* 

* 

ns 

Positive Input Step 


150 

200 


* 

* 

ns 

Acquisition Time (C = lOOOpF): to ±0.01%, 10V Step 


6 

10 


* 

* 

ps 

to ±0.01%, 20V Step 


8 

12 


* 

* 

ps 

to ±0.1%, 10V Step 


5 

9 


4 

6 

ps 

to ±0.1%, 20V Step 


7 

11 



* 

ps 

Sample/Hold Transient: Peak Amplitude 


160 





mV 

Settling to 1 mV 


1 

1.5 


* 

* 

ps 

Feedthrough (Response to 10V Input Step) 


±0.007 

±0.015 


±0.004 

±0.0075 

% of 20V 

OUTPUT [ 

ANALOG OUTPUT 








Voltage Range 

±11.5 



* 



V 

Current Range 

±2 



* 



mA 

Impedance (in Hold Mode) 

0.5 

4 


* 

* 

Q 


POWER SUPPLY 








Rate Voltage 


15 



* 


VDC 

Range 

±5 


±18 

* 


* 

VDC 

Current* 1 ) 


±4.5 

±6.5 


* 

* 

mA 


* Same as specifications for SHC298AM/JP/JU. 

NOTES: (1) These parameters guaranteed over a supply voltage range of ±5V to = +18V. (2) Charge offset is sensitive to stray capacitive coupling between input 
logic signals and the hold capacitor. IpF, for instance, will create an additional 0.5mV step with a 5V logic swing and a 0.01 pF hold capacitor. Magnitude of the 
charge offset is inversely proportional to hold capacitor value. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the User’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATIONS 


Top View TO-99 

Tab 



Top View 


Plastic Dl P/Small Outline 



Mode Control 
Input 


Mode Control 
Reference 


Hold Capacitor 


Output 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Power Dissipation (Package Limitation) 500mV 

Junction Temperature, T JMAX 

AM 125°C 

JP, JU 100°C 

Operating Temperature Range -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Input Voltage Equal to Supply Voltage 

Logic-to-Logic Reference Differential Voltage* 11 +7V, -30V 

Output Short Circuit Duration Indefinite 

Hold Capacitor Short Circuit Duration 10s 

Lead Temperature (soldering, 10s) 300°C 


NOTE: (1 ) Although the differential voltage may not exceed the limits given, 
the common-mode voltage on the logic pins may be equal to the supply 
voltages without causing damage to the circuit. For proper logic operation, 
however, one of the logic pins must always be at least 2 V below the positive 
supply and 3V above the negative supply. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

SHC298AM 

SHC298JP 

SHC298JU 

SHC298AJP 

TO-99 

8-pin DIP 
8-lead SOIC 
8-pin DIP 

-25°C to +85°C 

0°C to +70°C 

0°C to +70°C 

0°C to +70°C 

BURN-IN SCREENING OPTION 

See text for details. 

MODEL 

PACKAGE 

TEMPERATURE RANGE 

SHC298AM-BI 

SHC298JP-BI 

SHC298JU-BI 

SHC298AJP-BI 

TO-99 

8-pin DIP 
8-lead SOIC 
8-pin DIP 

-25°C to +85°C 

0°C to +70°C 

0°C to +70°C 

0°C to +70°C 


BURN-IN SCREENING 

Bum-in screening is available for both plastic and TO-99 
metal can packages. Bum-in duration is 160 hours at the 
temperature (or equivalent combination of time and tem- 
perature) indicated below: 

Plastic “-BI” models: +85°C 
TO-99 “-BI” models: +125°C 
All units are tested after bum-in to ensure that grade speci- 
fications are met. To order bum-in, add “-BI” to the base 
model number. 


PACKAGE INFORMATION^ 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

SHC298AM 

TO-99 

001 

SHC298JP 

8-Pin Plastic DIP 

006 

SHC298JU 

8-Lead SOIC 

182 

SHC298AJP 

8-Pin Plastic DIP 

006 

SHC298AM-BI 

TO-99 

001 

SHC298JP-BI 

8-Pin Plastic DIP 

006 

SHC298JU-BI 

8-Lead SOIC 

182 

SHC298AJP-BI 

8-Pin Plastic DIP 

006 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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Time (ns) Time (ns) 
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TYPICAL PERFORMANCE CURVES 

Tj = +25°C, ±1 5V supplies, 1 0OOpF holding capacitor, -1 1 .5V < V lKl <+11 .5, R u = 1 Okft , Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless otherwise 
noted. 


500 

400 

300 

200 

100 

0 

-50 -25 0 25 50 75 100 125 150 

Junction Temperature (°C) 



CHARGE OFFSET 



Hold Capacitor (pF) 


SAMPLE-TO-HOLD 




-50 -25 0 25 50 75 100 125 150 


0.0001 0.001 0.01 0.1 1 


Junction Temperature (°C) 


Hold Capacitor (pF) 



0.001 0.01 0.1 1 
Hold Capacitor (pF) 



10 100 Ik 10k 100k 

Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

Tj = +25°C, ±1 5V supplies, 1 0OOpF holding capacitor, -1 1 ,5V < V IN < +1 1 .5, R L = 1 Okft, Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless otherwise 
noted. 



0.1 1 10 100 1000 
Input Slew Rate (V/ms) 


GAIN ERROR 



Output Voltage (V) 


CHARGE OFFSET 



Input Voltage (V) 


POWER SUPPLY REJECTION 



Frequency (Hz) 


INPUT BIAS CURRENT 



Junction Temperature (°C) 



10 100 Ik 10k 100k 1M 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

Tj = +25°C, ±1 5V supplies, 1 0OOpF holding capacitor, -1 1 .5V < V IN < +1 1 .5, R L = 1 OkQ, Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless otherwise 
noted. 


PHASE AND GAIN 

(Input to Output, Small Signal) CHARGE OFFSET 



Frequency (Hz) Logic Slew Rate (V/ps) 


DISCUSSION OF 
SPECIFICATIONS 

THROUGHPUT NONLINEARITY 

Throughput nonlinearity is defined as total Hold mode, 
nonadjustable, input to output error caused by charge offset, 
gain nonlinearity, 1ms of droop, feedthrough, and thermal 
transients. It is the inaccuracy due to these errors which 
cannot be corrected by offset and gain adjustments. Through- 
put nonlinearity is tested with a lOOOpF holding capacitor, 
10V input changes, lOps acquisition time, and 1ms Hold 
time (see Figure 1). 

GAIN ACCURACY 

Gain Accuracy is the difference between input and output 
voltage (when in the Sample mode) due to amplifier gain 
errors. 

DROOP RATE 

Droop Rate is the voltage decay at the output when in the 
Hold mode due to storage capacitor, FET switch leakage 
currents, and output amplifier bias current. 

FEEDTHROUGH 

Feedthrough is the amount of the input voltage change that 
appears at the output when the amplifier is in the Hold mode. 

APERTURE TIME 

Aperture Time is the time required to switch from Sample to 
Hold. The time is measured from the 50% point of the mode 
control transition to the time at which the output stops 
tracking the input. 


ACQUISITION TIME 

Acquisition Time is the time required for the sample/hold 
output to settle within a given error band of its final value 
when the mode control is switched from Hold to Sample. 



FIGURE 1. Sample/Hold Errors. 
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CHARGE OFFSET 

Charge Offset is the offset that results from the charge 
coupled through the gate capacitance of the switching FET. 
This charge is coupled into the storage capacitor when the 
FET is switched to the “hold” mode. 

OPERATING INSTRUCTIONS 

EXTERNAL CAPACITOR SELECTION 

Capacitors with high insulation resistance and low dielectric 
absorption, such as Teflon®, polystyrene or polypropylene 
units, should be used as storage elements (polystyrene should 
not be used above +85°C). Care should be taken in the 
printed circuit layout to minimize AC and DC leakage 
currents from the capacitor to reduce charge offset and 
droop errors. 

The value of the external capacitor determines the droop, 
charge offset and acquisition time of the Sample/Hold. Both 
droop and charge offset will vary linearly with capacitance 
from the values given in the specification table for a 0.00 lpF 
capacitor. With a capacitor of 0.0 lpF, the droop will reduce 
to approximately 2.5p,V/ms and the charge offset to approxi- 
mately 1 .5mV. The behavior of acquisition time with changes 
in external capacitance is shown in the Typical Performance 
Curves. 

OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/hold should be switching 
continuously between the Sample and the Hold mode. The 
error should then be adjusted to zero when the unit is in the 
Hold mode. In this way, charge offset as well as amplifier 
offset will be adjusted. When a 0.00 lpF capacitor is used, it 
will not be possible to adjust the full offset error at the 
sample/hold. It should be adjusted elsewhere in the system. 

APPLICATIONS 

DATA ACQUISITION 

The SHC298 may be used to hold data for conversion with 
an analog-to-digital converter or used to provide Pulse 
Amplitude Modulation (PAM) data output (see Figures 2 
and 3). 

DATA DISTRIBUTION 

The SHC298 may be used to hold the output of a digital-to- 
analog converter whose digital inputs are multiplexed (see 
Figure 4). 

TEST SYSTEMS 

The SHC298 is also well suited for use in test systems to 
acquire and hold data transients for human operators or for 
the other parts of the test system such as comparators, digital 
voltmeters, etc. 


With a 0.1 pF storage capacitor, the output may be held 10 
seconds with less than 0.1% error. With a lpF storage 
capacitor, the output may be held more than 15 minutes with 
less than 1% error. 

CAPACITIVE LOADING 

SHC298 is sensitive to capacitive loading on the output and 
may oscillate. When driving long lines, a buffer should be 
used. 

HIGH SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data acqui- 
sition system is usually considered to be the acquisition time 
of the sample/hold plus the conversion time of the analog-to- 
digital converter. If two or more sample/holds are used with 
a high-speed multiplexer, the acquisition time of the sample/ 
hold can be virtually eliminated. While the first channel is in 
hold and switched on to the ADC, the multiplexer may be 
addressed to the next channel. The second sample/hold will 
have acquired this data by the time the conversion is com- 
plete. Then, the sample/holds reverse roles and another 
channel is addressed (see Figure 5). For low-level systems, 
and instrumentation amplifier and double-ended multiplexer 
may be connected to the sample/hold inputs. The settling 
time of the multiplexer, instrumentation amplifier, and 
sample/hold can be eliminated from the channel conversion 
time as before. i 
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Storage 
0.1 [jF Capacitor 



Additional SHC298 Units 


Digital 

Inputs 



FIGURE 4. Data Distribution. 


lOOOpF 



FIGURE 5. “Ping-Pong” Sample Holds. 
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SHC605 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


High-Speed Operational 
TRACK-AND-HOLD AMPLIFIER 


FEATURES 

• VERY GOOD SPURIOUS FREE DYNAMIC 
RANGE 

90dB at 1MHz F IN and 20MSPS 
86dB at 2MHz F IN and 20MSPS 
77dB at 5MHz F IN and 20MSPS 

• LOW ACQUISITION TIME: 30ns to 0.01% 

• LOW DROOP RATE: 8mV/jLts max T M1N to 
Twax 

• LOW POWER CONSUMPTION: 335mW 

• EXTREMELY VERSATILE ARCHITECTURE: 
Noninverting, Inverting, and 
Differential Gains 

• LOGIC FLEXIBILITY: TTL and ECL 
Compatible 

• SMALL PACKAGE: 16-Lead SOIC 

• EXTENDED TEMPERATURE SPECS: 

-40°C to +85°C 

APPLICATIONS 

• A/D CONVERTER FRONT ENDS 

• MULTIPLE CHANNEL SIMULTANEOUS 
SAMPLING 

• IMPROVING FLASH ADC PERFORMANCE 

• PEAK DETECTORS 

• DAC DEGLITCHING 


DESCRIPTION 

The SHC605 is a monolithic high-speed, high accu- 
racy track-and-hold amplifier. It combines fast acqui- 
sition and low distortion to provide a complete solu- 
tion for a wide range of sampling applications. Its new 
proprietary closed-loop architecture provides a single- 
chip solution to many data acquisition problems for- 
merly requiring more than one device. Non-inverting, 
inverting, and differential gain configurations are easy 
to apply with the SHC605. An on-board logic refer- 
ence circuit makes the SHC605 compatible with both 
single-ended and differential ECL or TTL clock in- 
puts. An internal track-mode lockout circuit allows 
edge-triggered operation in data acquisition systems. 
The SHC605 is available in a 16-lead SOIC package 
specified for the -40C to +85C industrial temperature 
range. 


+v s -v s 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25 °G, ±V S = ±5V, G = +1 V/V, R L = 100Q, C L = 5pF, ECL Hold/Hold Inputs unless otherwise noted. 





SHC605AU 


PARAMETER 

CONDITION 

TEMP RANGE 

MIN 

TYP 

MAX 

UNITS 

DC INPUT PARAMETERS 

Offset Voltage 


Full 


±1 

±7.5 


Power Supply Rejection 

V s = ±4.5 to ±5.5V 

+25°C 

60 

85 



Input Bias Current 

< 

8 

ii 

o 

< 

Full 


15 

50 


Input Offset Current 

< 

o 

2 

o 

< 

Full 


±0.2 

±5 

fiA 

Common-mode Input Range 


Full 

±2.0 

±2.5 


V 

Common-mode Rejection 

V cm = ±2VDC 

Full 


80 


dB 

Differential Input Impedance 


Full 


13||1 


kO||pF 

Common-Mode Input Impedance 


Full 


2||1 


MQ||pF 

Open-loop Voltage Gain 

V 0 = ±2V, R l - 100Q 

+25°C 


100 


dB 

OUTPUT 

Voltage Output 

R l = 500 

Full 

±2.0 

±2.5 


V 

Current Output 


+25°C 

±40 

±80 


mA 



Full 

±40 

±60 


mA 

Short Circuit Current 

Output Resistance, 


Full 


±140 


mA 

Closed-Loop: Track-Mode 

DC 

Full 


0.0001 


Q 

Hold-Mode 

DC 

Full 


0.01 


Q. 

DIGITAL INPUTS/OUTPUTS 

TTL Input Levels 0> 

Hold Input Only 






V| L 

Logic “LO” 

Full 

0 


+1.0 

V 

V|H 

Logic “HI” 

Full 

+2.0 


+5.0 

V 

Single-Ended ECL Input Levels * 2 > 

Hold/Hold and Lock/Lock Inputs 






V,L 

Logic “LO” 

Full 

-1.80 


-1.45 

V 

V IH 

Logic “HI” 

Full 

-1.05 


-0.80 

V 

Common-Mode Input Voltages 

Hold/Hold 

Full 

-3 


+5 

V 


Lock/Lock 

Full 

-V s 


+3 

V 

Differential Input Voltages 

Digital Input Currents 

Hold/Hold and Lock/Lock Inputs 

Full 

0.2 


5.0 

V 

li L , Lock/Lock Inputs Only 

ECL Logic “LO”, V IL = -1 .60V 

Full 



5 

(XA 

l| L , Hold/Hold Inputs Only 

ECL or TTL Logic “LO” 

Full 



-100 

|XA 

li H , Lock/Lock Inputs Only 

Logic “HI”, V| H = - 1 . 0 V 

Full 



50 

fiA 

l (H , Hold/Hold Inputs Only 

Threshold Voltage Output* 3 ) 


Full 



-10 

ma 

TTL* 4 ) 


Full 

1.1 

1.5 

1.9 

V 

ECL* 5 ) 

-V s = -5.2V 

Full 

-1.40 


-1.10 

V 

TRACK-MODE RESPONSE 

Closed-Loop Bandwidth 

Gain = +1V/V 

+25°C 

100 

200 


MHz 


Gain = +2 V/V 

+25°C 


75 


MHz 


Gain = +5V/V 

+25°C 


20 


MHz 


Gain = +10V/V 

+25°C 


10 


MHz 

Full Power Response 

±1 V Input, -3dB Output 

Full 


32 


MHz 

Slew Rate * 6 ) 

G = +1 , 2V Step 

+25°C 

140 

200 


V/ps 



Full 

120 

200 


V/|xs 

Acquisition Time to 1%* 7 ) 

2V Step 

Full 


15 

25 

ns 

0.1% 

2V Step 

Full 


23 

35 

ns 

0.012% 

2V Step 

Full 


30 

45 

ns 

0.012% 

4V Step 

Full 


40 

60 

ns 

Input Voltage Noise 

1MHz to 100MHz 



2.5 


nVVHi 

Input Bias Current Noise 

1MHz to 100MHz 



2.5 


pAA/Hz 

Differential Gain 

3.58MHz, V 0 = 0 to 0.7Vp-p 



0.005 


% 

Differential Phase 

Spurious Free Dynamic Range 

3.58MHz, V 0 = 0 to 0.7Vp-p 



0.005 


degrees 

(5MHz) 

V G = ±1V 

1 


83 


dBc 

(10MHz) 

V 0 = +1 V 



73 


dBc 


NOTE: (1 ) Select (Pin 1 0) connected to +V S for TTL threshold voltage on Pin 1 1 . (2) Select (Pin 1 0) connected to -V s for ECL threshold voltage on Pin 1 1 . (3) Output 
voltage on pin 1 1 . (4) Pin 10 (Select) connected to +V S . (5) Pin 10 (Select) connected to -V s . (6) Slew rate is rate of change from 10% to 90% of a 2V output step. 
(7) Acquisition time includes hold-to-track delay switch time. (8) Hold noise is proportional to the time in the hold mode. For example, if the hold time is 25ns, the 
accumulated noise is 10p.V rms . (9) This is the maximum length of time the SHC605 can remain in the hold mode and still maintain a linear droop rate. (10) Select 
(Pin 10) connected to +V S . 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are 
subject to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = +25°C, ±V S = ±5V, G = +1 V/V, R L = 100Q, C L = 5pF, ECL Hold/Hold Inputs unless otherwise noted. 





SHC605AU 


PARAMETER 

CONDITION 

TEMP RANGE 

MIN 

TYP 

MAX 

UNITS 

TRACK-TO-HOLD SWITCHING 

Aperture Delay 

V,N = ov 

Full 


1.7 


ns 

Aperture Jitter 


Full 


2.4 


ps rms 

Pedestal Offset 


+25°C 


±5 

±20 

mV 

over Temperature 


Full 


±5 

±25 

mV 

Transient Amplitude 


Full 


±5 


mV 

Settling Time to 1 mV 


Full 


8 

15 

ns 

100pV 


Full 


15 


ns 

HOLD-MODE RESPONSE 

Spurious Free Dynamic Range 







(1MHz, 20MSPS) 

v 0 = ±1 v 

Full 

78 

90 


dBc 

(2MHz, 20MSPS) 

Vo = ±1V 

Full 

74 

86 


dBc 

(5MHz, 20MSPS) 

v 0 = ±iv 

Full 

65 

77 


dBc 

(10MHz, 20MSPS) 

V 0 =±1V 

+25°C 


60 


dBc 

(10MHz, 20MSPS) 

Vo = ±0.5 

+25°C 


72 


dBc 

Hold Noised 




400xt H 


V/s rms 

Droop Rate 


Full 


±1 

±8 

mV/ps 

Hold Time< 9 > 


Full 



2 

ps 

Feedthrough Rejection (20MHz) 


+25°C 


85 


dB 

POWER SUPPLY 

Specified Operating Voltage 


Full 

±4.50 

±5 

±5.50 

V 

Positive Supply Current* 10 * 


Full 


34 

39 

mA 

Negative Supply Current* 10 * 


Full 


33 

39 

mA 

Total Power Dissipation 


Full 


335 

390 

mW 

TEMPERATURE RANGE 

Specification 

Ambient 

Full 

-40 


+85 

°C 

Storage 



-55 


+150 

°C 

Thermal Resistance, 0 JA 


Full 


100 


°C/W 


NOTE: (1) Select (Pin 10) connected to +V S forTTL threshold voltage on Pin 11.(2) Select (Pin 10) connected to -V s for ECL threshold voltage on Pin 11. (3) Output 
voltage on pin 1 1 . (4) Pin 1 0 (Select) connected to +V S . (5) Pin 1 0 (Select) connected to -V s . (6) Slew rate is rate of change from 1 0% to 90% of a 2V output step. 
(7) Acquisition time includes hold-to-track delay switch time. (8) Hold noise is proportional to the time in the hold mode. For example, if the hold time is 25ns, the 
accumulated noise is 10pV rms . (9) This is the maximum length of time the SHC605 can remain in the hold mode and still maintain a linear droop rate. (10) Select 
(Pin 10) connected to +V S . 


ABSOLUTE MAXIMUM RATINGS 


Supply 

+7VDC 

Input Voltage Range 

+5V 

Differential Input Voltage +5.5V (between +ln and -In inputs) 

Storage Temperature Range 

— 40°C to +125°C 

Lead Temperature (soldering, SOIC 3s) 

+260°C 

Output Short Circuit to Ground (+25°C) 

Continuous to Ground 

Junction Temperture (Tlj 

+175°C 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

SHC605AU 

16-Pin SOIC 

265 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet its published 
specifications. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

SHC605AU 

16-Pin SOIC 

-40 °C to +85°C 


mm 
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PIN CONFIGURATION 


U Package 


16-Pin SOIC 



-V s 

-v s 

Lock 

Lock 

Hold 

Thresh/Hoid 

Select 

v out 


PIN DESCRIPTION 


PIN# 

SYMBOL 

DESCRIPTION 

1 


Non-Inverting Input 

2 


+5V Supply 

3 


+5V Supply 

4 


Digital Ground 

5 

AGND 

Analog Ground 

6 

AGND 

Analog Ground 

7 

AGND 

Analog Ground 

8 

-In 

Inverting Input 

9 

Vout 

Output Voltage 

10 

Select 

+5V Selects TTL; -5V Selects ECL 

11 

Thresh/Hold 

Logic threshold for single-ended 
operation or complement Hold input for 
differential operation 

12 

Hold 

True Hold input 

13 

Lock 

Complement Lock Input 

14 

Lock 

True Lock input; Locks SHC605 in 
Hold-mode regardless of Hold/Hold Inputs 

15 

-V s 

-5V Supply 

16 

-V s 

-5V Supply 


DICE INFORMATION 



PAD 

FUNCTION 

PAD 

FUNCTION 

1 

+ln 

10 

Select 

2 

+ Vs 

11 

Comp 

3 

+v s 

12 

Thresh/Hold 

4 

DGND 

13 

Hold 

5 

AGND 

14 

Lock 

6 

C 2 

15 

Lock 

7 

c. 

16 

-V s 

8 

-In 

17 

-V s 

9 

Vout 




Substrate Bias: Negative supply (-V s ). 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

58x80 


Die Thickness 

14 ±1 


Min. Pad Size 

4x4 

0.1 x 0.1 

Backing 

Gold 


Metallization 

Gold 



SHC605 DIE TOPOGRAPHY 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, ±V S = ±5V, G = +1 V/V, R L = 1000, C L = 5pF, ECL Hold/Hold Inputs unless otherwise noted. 


OPEN-LOOP FREQUENCY RESPONSE (Track Mode) 



100 Ik 10k 100k 1M 10M 100M 1G 

Frequency (Hz) 


CLOSED-LOOP GAIN = +1V/V 



1 10 100 1000 
Frequency (MHz) 


NON-INVERTING CLOSED-LOOP GAIN 



+1 +2 +5 +10 


INVERTING CLOSED-LOOP GAIN 



-1 -2 -5 -10 


Non-Inverting Closed-Loop Gain (VA/) 


Inverting Closed-Loop Gain (V/V) 


ACQUISITION TIME 



+1 +2 +5 +10 



DC 2.5 5 7.5 10 


Inverting Closed-Loop Gain (V/V) 


Input Frequency (MHz) 


DUMl 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, ±V S = ±5V, G = +1VA/, R L = 100Q, C L = 5pF, ECL Hold/Hold Inputs unless otherwise noted. 


LARGEST HARMONIC 



DC 2 4 6 8 10 


LARGEST HARMONIC 
vs INPUT FREQUENCY (Hold Mode) 





1 

V o = 2.0Vpp 


r\ 


2UM 




\ 





1 

|\ 





h \ 






\ 


DC 2 4 6 8 10 


Input Frequency (MHz) 


Input Frequency (MHz) 


FEEDTHROUGH REJECTION 



10 20 40 60 100 200 


S' 

-o 



o. 

Q. 

D 

CO 


5 

o 

CL 


POWER SUPPLY REJECTION 



100 1000 10k 100k 1M 10M 100M 


Input Frequency (MHz) 


Frequency (Hz) 



-50 -25 0 25 50 75 100 



-50 -25 0 25 50 75 100 


Temperature (°C) 


Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, ±V S = ±5V, G = +1 V/V, R L = 100ft, C L = 5pF, ECL Hold/Hold Inputs unless otherwise noted. 


HOLD-MODE DISTORTION 
@ 20MSPS, V IN = 2MHz 



Frequency (MHz) 


HOLD-MODE DISTORTION 
@ 20MSPS, V, N = 5MHz 

0 

-20 

m -40 
;o 

Cl) 

1 -60 
CL 

< -80 
-100 
-120 

9 16 32 48 64 

Frequency (MHz) 






^OUT = 2V PP 
r l = looft ! 

N 




V, N = 5MHz 

T/H = 20MHz 
TRACK = 35ns 

2nd 3 ( 

d 




bbiHLidtt tbidt 

t.tl L tj.ii 

,i, .... il 1 1 „ . . . i 



HOLD-MODE DISTORTION 
@ 20MSPS, V IN = 10MHz 



0 16 32 48 64 


HOLD-MODE DISTORTION 
@ 20MSPS, V IN = 10MHz 

0 

-20 
m -40 

J3. 

CD 

I -60 

Q. 

E 

< -80 
-100 

-120 

0 16 32 48 64 






^OUT = 2V PP 
R L = 100ft 
i/ IN = 10MHz 

T/H = 20MHz 







9nrf 3rd 

I’' - .,t " J 

TRACK = 35ns 








bJrittnt cAla-fta-taJ 

tirirmiuLl 





1 


Frequency (MHz) 


Frequency (MHz) 


ESI 
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TIMING DEFINITIONS 

Acquisition Time is the time it takes to reacquire the input 
signal when switching from the hold to track mode. This 
time interval starts at 50% of the clock transition and ends 
when the input signal is reacquired to within a specified 
accuracy at the output. This specification does not include 
the track-to-hold settling time. 

Aperture Delay is a measure of the track-to-hold switch 
delay time. It is the difference between the analog input 
amplifier’s signal path delay and the digital track-to-hold 
switch delay. A positive delay indicates the digital switch 
delay is larger than the analog amplifier delay. 

Aperture Jitter is random variation in the aperture delay. 
This specification is measured in ps-rms and results in phase 
noise on the held signal. A large aperture jitter value can 
manifest itself by degrading the SNR of a sampling ADC. 

Droop Rate is the change of the held output voltage as a 
function of time. The measurement starts immediately after 
the device switches from the track to hold mode. 


Feedthrough Rejection is a measure of the amount of the 
input signal that “feeds through” to the output while the 
device is in the hold mode. This specification is usually a 
function of frequency, with degradation at higher frequen- 
cies. 

Hold-tO-Track Delay is the time from the track command 
to the point when the output begins changing to acquire a 
new signal. This delay is included in the SHC605’s specified 
acquisition time. 

Pedestal Offset is the error voltage step incurred at the 
output when the device is switched from the track to hold 
mode. 

Track-to-Hold Settling Time is the time for the track to 
hold transient to settle to within a specified accuracy. 
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THEORY OF OPERATION 

The SHC605 is a monolithic track-and-hold circuit fabri- 
cated on an extremely fast complementary bipolar process. 
Figure 2 provides a simplified circuit diagram of the SHC605. 
A conventional two-stage operational amplifier is shown 
with a standard differential phase compensation scheme 
sometimes referred to as “doublet compensation.” Capaci- 
tors C, and C 2 compensate the amplifier in the track-mode 
and hold the analog output signal in the hold-mode. Switch- 
ing from track to hold is achieved by turning off the 
amplifier’s input stage and isolating C, and C 2 from the input 
signal. 

The differential two-stage amplifier architecture of the 
SHC605 provides many performance advantages over tradi- 
tional open-loop designs. The use of differential hold ca- 
pacitors provides a first-order correction for many errors 
including distortion, pedestal, and droop. A dominant cause 
of distortion in high-speed amplifiers is the non-linear tran- 
sistor junction capacitance connected to the hold capacitor(s). 
This parasitic capacitance varies as the voltage across it 
changes. Most open-loop track-and-hold circuits have a 


fixed gain of +1V/V, which means the hold capacitor(s) and 
parasitic junction capacitance sees the full output signal 
swing. In the SHC605 the second gain stage attenuates the 
signal across the capacitors and greatly reduces the nonlin- 
ear capacitance. The SHC605’s second stage has a unity- 
gain bandwidth of approximately 250MHz and its open-loop 
gain rolls off at -20dB/decade. With a 2.5MHz signal, the 
voltage across the hold capacitors is 100 times less than the 
output signal, and therefore, the nonlinear capacitance is 
greatly reduced. 

The SHC605’s patented architecture provides users with an 
extremely accurate high-speed operational track-and-hold 
amplifier. All common operational amplifier transfer func- 
tions can be realized with the SHC605; i.e. unity-gain, non- 
inverting gain, inverting gain, and differential gain. These 
configurations are shown in Figures 3 through 6. In many 
instances, the SHC605 provides a superior single-chip solu- 
tion to applications previously requiring two or more de- 
vices. As with any conventional voltage feedback op amp, it 
is important to consider tradeoffs between noise, bandwidth, 
and settling time for these applications. Refer to Discussion 
of Performance and Typical Performance Curves for more 
details. 



FIGURE 2. SHC605 Simplified Circuit Diagram. 


mm 
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DISCUSSION OF 
PERFORMANCE 


DISTORTION 

Hold-mode distortion is an important specification for a 
track-and-hold amplifier. This is a measure of the accuracy 
of the amplifier’s held output while sampling a sinusoidal 
input signal. It includes errors from both the switching 
network and the amplifier’s signal path. Hold-mode distor- 
tion depends on the input signal’s amplitude and frequency 
as well as the sampling rate. The biggest cause of distortion 
in the SHC605 is slew-induced nonlinearity; the higher the 
amplitude of a high frequency input, the higher the distor- 
tion. Hold-mode distortion can also result from sampling too 
fast or not allowing enough acquisition time or track-to-hold 
settling time. The SHC605 has a typical 0.01% acquisition 
time of 30ns for a 2V step, and a typical 100pV track-to- 
hold settling time of 15ns. Thus, for 12-bit accuracy the 
clock rate should not exceed 22MHz (refer to Typical 
Performance Curves for details). 

NOISE 

The SHC605’s noise performance is almost completely 
determined by track-mode noise. This is the noise sampled 
by the differential hold capacitors during track-mode, which 
is greater than the noise measured directly at the output. The 
input referred noise of the SHC605 is 2.5nV/VHz. For unity- 
gain this corresponds to an output noise of approximately 
35|iVrms; which is much lower than the typical 150jnVrms 
noise sampled by the hold capacitors. The track-mode noise 
sampled by the hold capacitors is independent of closed- 
loop gain, and therefore, the SHC605 can be used with 
higher closed-loop gain without degrading the overall noise 
performance. 


The SHC605’s noise performance is also affected by hold- 
mode noise and aperture jitter. Hold-mode noise is the result 
of current noise reacting with the hold capacitors. This noise 
accumulates on the capacitors at a rate which is proportional 
to the square root of the hold time. For sample rates above 
1MHz this noise is usually insignificant. Aperture jitter 
describes the random variation in track-to-hold aperture 
delay, and causes increased hold-mode noise when high 
slew rate signals are sampled. A differential ECL clock input 
will provide lower aperture jitter than a single-ended ECL or 
TTL clock. 

CHOOSING THE BEST ARCHITECTURE 

The SHC605 is basically a high-speed operational amplifier 
which can hold its output on command. Unlike traditional 
high-speed track-and-hold amplifiers, which have fixed gains 
of +1V/V, the SHC605 can be used with non-inverting, 
inverting, or differential gains. In many applications, a 
single SHC605 can be used to solve a problem that previ- 
ously required two or more devices. 

Figures 3 through 6 show the SHC605 connected for non- 
inverting, inverting, and differential gains. As with any op 
amp, it is important to consider performance tradeoffs for all 
of these configurations. For gains less than ±10, the SHC605’s 
track-to-hold settling, pedestal offset, droop, and total hold- 
mode noise remains constant. However, small- signal band- 
width and acquisition time will be compromised as the 
closed-loop gain is increased (refer to the Typical Perfor- 
mance Curves for details). 



FIGURE 3. Gain of +1 Track-and-Hold Amplifier. 



FIGURE 4. Gain of +2 Track-and-Hold Amplifier. 
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FIGURE 5. Gain of -1 Track-and-Hold Amplifier. 

APPLICATIONS INFORMATION 

LOGIC COMPATIBILITY/TRACK-TO-HOLD 
SWITCHING 

The SHC605 contains an internal reference circuit which 
produces either an ECL or TTL logic threshold voltage for 
single-ended track-to-hold switching. Differential ECL 
switching is also possible with the SHC605. Table I provides 
the proper pin connections for all of the possible switching 
options and the Performance Specifications Table gives the 
logic levels and input bias currents. 


LOGIC TYPE 

DGND 
(Pin 4) 

SELECT 
(Pin 10) 

THRESH/HOLD 
(Pin 11) 

HOLD 
(Pin 12) 

Single-ended TTL 

GND 

+5V 

NC 

Clock 

Single-ended ECL 

GND 

-5V 

NC 

Clock 

Differential ECL 

NC 

NC 

Clock 

Clock 


TABLE I. Track-to-Hold Switching Options. 


FIGURE 6. Differential Gain of 1 Track-and-Hold Amplifier. 

LOCKOUT CIRCUITRY 

The SHC605 includes additional logic circuitry which al- 
lows edge-triggered operation for sampling ADCs. The 
lockout comparator and Track/Hold comparator form a wired- 
or mode control circuit as shown in the block diagram on] 
page one. W hen the Lock input, pin 14, is high with respect] 
to the Lock input, pin 13, the SHC605 is in the Hold-mode 
regardless of the Hold/Hold inputs. This feature provides 
more flexibility in the convert command duty cycle and 
reduces noise resulting from aperture jitter. 

Figure 7 shows how the SHC605 lockout circuit can be used 
with an ECL one-shot to provide an edge-triggered sampling 
ADC. An ECL threshold voltage is generated on Thresh/ 
Hold (Pin 11), which is connected to Lock (Pin 13), to allow 
a single-ended lockout input on Lock (Pin 14). The ECL 
convert command is applied directly to the SHC605. The 
10ns delay on the ADCs convert signal is to allow for 
SHC605 track-to-hold settling. The one-shot’s duty cycle 



FIGURE 7. Edge-Triggered ADC. 


BURR -BROWN* 


Burr-Brown IC Data Book — Data Conversion Products 


6.25 


SAMPLE/HOLD AMPLIFIERS D SHC605 











For Immediate Assistance, Contact Your Local Salesperson 


will depend on the ADC conversion time. In this application 
the one-shot is used to set the critical ADC timing which 
means the user has more freedom in selecting the convert 
command duty cycle. Since the convert command is applied 
directly to the SHC605 — instead of after additional logic 
and clock conditioning — aperture jitter noise is minimized. 

OFFSET VOLTAGE ADJUSTMENT 

The SHC605’s input offset voltage is laser-trimmed and will 
require no further adjustment for most applications. How- 
ever, if additional adjustment is needed, the circuit in Figure 
8 can be used without degrading offset drift with tempera- 
ture. Avoid external adjustment whenever possible since 
extraneous noise, such as power supply noise, can be 
inadvertantly coupled into the amplifier’s inverting input. 
Remember that additional offset errors can be created by the 
amplifier’s input bias currents. Whenever possible, match 
the impedance seen by both inputs as is shown with R 3 . This 
will reduce input offset voltage errors due to the amplifier’s 
input offset current, which is typically only 0.2pA. 



FIGURE 8. Offset Voltage Trim. 


INPUT PROTECTION 

The SHC605 incorporates on-chip BSD protection diodes as 
shown in Figure 9. All pins on the SHC605 are internally 
protected from ESD by means of a pair of back-to-back 
reverse-biased diodes to either power supply as shown. 
These diodes will begin to conduct when the input voltage 
exceeds either power supply by about 0.7V. This situation 
can occur with loss of the amplifier’s power supplies while 
a signal source is still present. The diodes can typically 
withstand a continuous current of 30mA without destruc- 
tion. To insure long term reliability diode current should be 
externally limited to 10mA or so whenever possible. Static 


damage can cause subtle changes in SHC605 input charac- 
teristics without necessarily destroying the device. In preci- 
sion track-and-hold amplifiers, this may cause a noticeable 
degradation in performance. Therefore, static protection is 
recommended when handling the SHC605. 


+v cc ESD Protection Diodes Internally 
Connected to All Pins 

External Q ^ ^ Internal 

Pin -j - Circuitry 

-V C c 

FIGURE 9. Internal ESD Protection. 

LAYOUT AND BYPASSING 

For best performance, good high speed design techniques 
must be applied. The component (top) side ground plane 
should be as large as possible and continuous (not frag- 
mented). Two ounce copper cladding is recommended. 

All traces should be as short as possible, especially the 
output. As much of the ground plane as possible should be 
removed from around the -i-In, -In, and V 0UT pins to reduce 
parasitic capacitance and minimize coupling onto the analog 
signal path. 

Power supply decoupling capacitors must be used as shown 
in Figures 3 through 6. The O.OljuF capacitors should be low 
inductance surface mount devices and should be connected 
as close to the SHC605 ±Vs leads as possible (within 30 
mils). The lpF low frequency bypass capacitors should be 
tantalum capacitors (preferably surface mount) and should 
be located within one inch of the SHC605. Surface mount 
resistors are also recommended and should be placed as 
close to the SHC605 as possible to minimize inductance. 

CAPACITIVE LOADS 

The SHC605’s output stage has been optimized to drive 
resistive loads as low as 5012. Capacitive loads will decrease 
the amplifier’s phase margin which may cause high fre- 
quency peaking or oscillations. Capacitive loads greater than 
lOpF should be buffered by connecting a small resistance, 
usually 2012 to 5012, in series with the output as shown in 



Burr-Brown IC Data Book — Data Conversion Products 




6.26 







Or, Call Custom Service at 1-800-548-6132 (USA Only) 


Figure 10. This is particularly important when driving high 
capacitance loads such as flash A/D converters. 

The series resistor, R s , should be connected as close to the 
SHC605 as possible. If R s causes excessive output attenua- 
tion, add closed-loop gain to the SHC605 as shown in 
Figures 4 through 6. 

In general, capacitive loads should be minimized for opti- 
mum high frequency performance. Coax lines can be driven 
if the cable is properly terminated. The capacitance of 
coaxial cable (29pF/foot for RG-58) will not load the ampli- 
fier when the coaxial cable or transmission line is terminated 
in its characteristic impedance. 


APPLICATIONS 

The SHC605’s combination of high speed and accuracy, 
small size, and low price makes it ideally suited for many 
data acquisition applications. Its versatile operational ampli- 
fier architecture and switching flexibility provides users 
with an extremely reliable single-chip solution to problems 
that previously required several components. Figures 11 
through 16 show many application circuits using the SHC605. 
These include high-speed flash and sub-ranging ADC driv- 
ing, multi-channel simultaneous sampling, DAC deglitching, 
and peak detecting. 



FIGURE 11. Sampling ADC. 


Analog Input 



FIGURE 12. Traditional Data Acquisition System. 


mm 


Burr-Brown IC Data Book — Data Conversion Products 


6.27 


SAMPLE/HOLD AMPLIFIERS D SHC605 



For Immediate Assistance, Contact Your Local Salesperson 



FIGURE 13. Multi-Channel Simultaneous Sampling System. 



FIGURE 14. 1/Q Channel Simultaneous Sampling. 
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FIGURE 15. High-Speed Peak Detector. 



FIGURE 16. DAC Deglitcher. 
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SHC615 


Wide-Bandwidth, 

DC RESTORATION CIRCUIT 


FEATURES 

• PROPAGATION DELAY: 2.2ns 

• BANDWIDTH: OTA: 750MHz 

Comparator: 280MHz 

• LOW INPUT BIAS CURRENT: -0.3|iA 

• SAMPLE/HOLD 

SWITCHING TRANSIENTS :+1 /-7m V 

• SAMPLE/HOLD 

FEEDTHROUGH REJECTION: lOOdB 

• CHARGE INJECTION: 40fC 

• HOLD COMMAND DELAY TIME: 3.8ns 

• TTL/CMOS HOLD CONTROL 

DESCRIPTION 

The SHC615 is a complete subsystem for very fast 
and precise DC restoration, offset clamping, and low- 
frequency hum suppression of wideband amplifiers 
or buffers. Although it was designed to stabilize the 
performance of video signals, the circuit can also be 
used as a sample and hold amplifier, high-speed 
integrator, or peak detector for nano second pulses. A 
wide-band Operational Transconductance Amplifier 
(OTA) with a high-impedance cascode current source 
output and fast and precise sampling comparator set 
a new standard for high-speed applications. Both can 
be used as stand-alone circuits or combined to form 
a more complex signal processing stage. The self- 
biased, bipolar OTA can be viewed as an ideal volt- 


APPLICATIONS 

• BROADCAST/HDTV EQUIPMENT 

• TELECOMMUNICATIONS EQUIPMENT 

• HIGH-SPEED DATA ACQUISITION 

• CAD MONITORS/CCD IMAGE 
PROCESSING 

• NANO SECOND PULSE INTEGRATOR/PEAK 
DETECTORS 

• PULSE CODE MODULATOR/ 
DEMODULATOR 

• COMPLETE VIDEO DC LEVEL 
RESTORATION 

• SAMPLE/HOLD AMPLIFIER 

age-controlled current source and is optimized for 
low input bias current. The sampling comparator has 
two identical high-impedance inputs and a current 
source output optimized for low output bias current 
and offset voltage; it can be controlled by a TTL- 
compatible switching stage within a few nano sec- 
onds. The transconductance of the OTA and sampling 
comparator can be adjusted by an external resistor, 
allowing bandwidth, quiescent current, and gain 
tradeoffs to be optimized. 

The SHC615 is packaged in SO- 14 surface mount 
packages and 14-pin plastic DIPs, and is specified 
over the extended temperature range of -40°C to 
+85°C. 
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DC SPECIFICATIONS 


ELECTRICAL 

At V cc = ±5VDC , R load = 1000, R Q = 3000, R IN = 1500 and T A = +25°C, unless otherwise specified. 




SHC615AP, AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

0TA 1 

OFFSET VOLTAGE 

Initial 



8 

±40 

mV 

vs Temperature 



40 


(iV/°C 

vs Supply (tracking) 

V cc = ±4.5V to ±5.5V 

50 

55 


dB 

B-INPUT BIAS CURRENT 

Initial 



-0.3 

±0.9 

4A 

vs Temperature 



1 


nA/°C 

C-OUTPUT BIAS CURRENT 

Initial 


-200 

-77 

+ 100 

HA 

B-INPUT IMPEDANCE 



4.4 


MO 

INPUT NOISE 

Voltage Noise Density, B-to-E 

f 0UT = 100kHz to 100MHz 


2.2 


nV/VHz 

Voltage Noise Density, B-to-C 

f 0UT = 100kHz to 100MHz 


4.5 


nV/VHz 

INPUT VOLTAGE RANGE 



±3.4 


V 

OUTPUT 

Output Voltage Compliance 



±3.2 


V 

C-Current Output 


±18 

±20 


mA 

E-Current Output 


±18 

±20 


mA 

C-Output Impedance 



0.5 


MO 

E-Output Impedance 



12 


O 

Open-Loop Gain 



96 


dB 

TRANSCONDUCTANCE 

Small Signal, <200mV 


70 


mA/V 



ELECTROSTATIC 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 

ESD damage can range from subtle performance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are 
subject to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 


mm 
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DC SPECIFICATIONS (CONT) 


ELECTRICAL 

At V cc = ±5VDC , R load = 1 kQ, R q = 300Q, and T A = +25°C, unless otherwise specified. 




SHC615AP, AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

COMPARATOR | 

INPUT BIAS CURRENT 

Initial 



1.0 

±5 

HA 

vs Temperature 



-2.3 


nA/°C 

C-OUTPUT BIAS CURRENT 

Initial 



±4 

±25 

P-A 

vs Temperature 



±13 


nA/°C 

INPUT IMPEDANCE 

Input Impedance 



0.2 


MQ 

INPUT NOISE 

Voltage Noise Density 

f 0UT = 100kHz to 100MHz 


5 


nV/VHz 

INPUT VOLTAGE RANGE 

Input Voltage Range 



±3.0 


V 

Common-Mode Input Range 



±4.0 


V 

OUTPUT 

Output Voltage Compliance 



±3.5 


V 

C-Current Output 


±3.5 

±4.0 


mA 

C-Output Impedance 



620 || 2 


kQ || pF 

Open-Loop Gain 



83 


dB 

TRANSCONDUCTANCE 

Transconductance 



22 


mA/V 

HOLD CONTROL 

Logic 1 Voltage 


+2 


+ V cc+ 0.6 

V 

Logic 0 Voltage 


0 


0.8 

V 

Logic 1 Current 

V Hold Control = 5.0V 


1 


|iA 

Logic 0 Current 

V Hold Control = 0.8V 

1 

0.05 


pA 

TRANSFER CHARACTERISTICS 

Charge Injection 

Track-To-Hold 

l 

40 


fC 

Feedthrough Rejection 

Hold Mode 


-100 


dB 

COMPLETE SHC61 5 | 

POWER SUPPLY 

Rated Voltage 



±5 


VDC 

Derated Performance 


±4.5 


±5.5 

VDC 

Quiescent Current 

Programmable (Useful Range) 

±3 

±14 

±36 

mA 

Rejection Rate 



-70 


dB 

TEMPERATURE RANGE 

Operating 


-40 


+85 

°C 

Storage 


-40 


+125 

°C 
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AC SPECIFICATIONS 


ELECTRICAL 

At V cc = ±5VDC , R load = 1 OOQ, R source = 50Q, R Q = 300Q, and T A = +25°C, unless otherwise specified. 




SHC615AP, AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

FREQUENCY DOMAIN 

OTA 

LARGE-SIGNAL BANDWIDTH 

V 0UT = 5.0Vp-p 


430 


MHz 

(-3dB), (B-to-E) 

V OUT = 2.8Vp-p 


540 


MHz 


V OUT = 1 -4Vp-p 


620 


MHz 

SMALL-SIGNAL BANDWIDTH B-TO- 

E V 0UT = 0.2Vp-p 


520 


MHz 

DIFFERENTIAL GAIN (B-TO-E) 

f = 4.43MHz, V OUT = 0.7Vp-p, 






R L = 150Q 


1.8 


% 


R l = 500Q 


0.1 


% 

DIFFERENTIAL PHASE 

f = 4.43MHz, V OUT = 0.7Vp-p, 






R L = 150Q 


0.07 


° 

(B-TO-E) 

R l = 5000 


0.01 


0 

HARMONIC DISTORTION (B-TO-E) 

Second Harmonic 

f = 30MHz, V OUT = 1.4Vp-p 


-50 


dBc 

Third Harmonic 



-46 


dBc 

LARGE SIGNAL BANDWIDTH 

(-3dB), (B-to-C) 

V OUT = 5.0Vp-p 


250 


MHz 


V OUT = 2.8Vp-p 


580 


MHz 


V OUT =1.4Vp-p 


750 


MHz 

SMALL SIGNAL BANDWIDTH 

B-to-C 

V OUT = 0.2Vp-p 


680 


MHz 

COMPARATOR 

Sample Mode 





BANDWIDTH 

l OUT = 4mAp-p 


240 


MHz 

(-3dB) 

Ut = 2mAp-p 


270 


MHz 


l OUT =1mAp-p 


280 


MHz 

TIME DOMAIN 

OTA 

RISE TIME 

2Vp-p Step, 10% to 90% 






B-to-E 


1.1 


ns 


B-to-C 


1.2 


ns 

SLEW RATE 

2Vp-p, B-to-E 


1800 


V/ps 


B-to-C 


1700 


V/ps 


5Vp-p, B-to-E 


3300 


V/ps 


B-to-C 


3000 


V/ps 

COMPARATOR | 

RISE TIME 

1 0% to 90%, R l = 500, l OUT = ±2mA 





(Sample Mode) 

^LOAD = "1 PF 


2.5 


ns 

SLEW RATE 

1 0% to 90%, R. = 500, l OIIT - ±2mA 





(Sample Mode) 

C LO ad = 1PF 


0.95 


mA/ns 

DYNAMIC CHARACTERISTICS 

Propagation Delay Time 

tpoH> V 0D = 200mV 


2.2 


ns 

Propagation Delay Time 

tpDL> V 0D = 200mV 


2.15 


ns 

Delay Time 

Sample-to-Hold 


3.8 


ns 


Hold-to-Sample 


3.0 


ns 
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DICE INFORMATION 



SHC615 DIE TOPOGRAPHY 


DIE PAD 

FUNCTION 

1 

l Q Adjust 

2 

OTA- Emitter 

3 

OTA-Base 

4 

^HOLD 

5 

— 5V Supply, Analog 

6 

-5V Supply, Digital 

7 

Hold Control 

8 

Ground 

9 

S/H ln+ 

10 

S/H In- 

11 

l 0UT , OTA-Collector 

12 

+5V Supply, Analog 

13 

+5V Supply, Digital 


Substrate Bias: Negative Supply. 

Wire Bonding: Gold wire bonding is recommended. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 

Min. Pad Size 
Backing: Titanium 
Gold 

73 x 81 , ±5 

14, ±1 

4x4 

0.02, +0.05, -0.0 
0.30, ±0.05 

1.86x2.06, ±0.13 
0.55, ±0.025 
0.10x0.10 
0.0005, +0.0013,-0.0 
0.0076, ±0.0013 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage (±V CC ) +6VDC 

Input Voltage' 1 ' ±V CC ±0.7V 

Operating Temperature -40°C to +85°C 

Storage Temperature -40°C to +125°C 

Junction Temperature +150°C 

Lead Temperature (soldering, 10s) +300°C 

Hold Control -0.5V to +V CC +0.7V 


NOTE: (1) Inputs are internally diode-clamped to ±V CC . 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

SHC615AP 

Plastic 14-Pin DIP 

010 

SHC615AU 

SO 14-Pin Surface Mount 

235 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


PIN CONFIGURATION 


Top View 


SO/DIP 



1 




l Q Adjust 

Emitter, E 

2 



Base, B 

Chold 

f 

[I 

SHC615 

I] 

«] 

"Vcc 

[I 


«] 

NC 

E 


I] 

Hold Control 

E 


3 


NC 

+V C c 

l 0UT , Collector, C 
S/H In- 
S/H ln+ 

Ground 

NC 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

SHC615AP 

SHC615AU 

Plastic 14- Pin DIP 

SO 14-Pin Surface Mount 

-40°C to +85°C 
-40°C to +85°C 


BLOCK DIAGRAM 


Ground C H0LD Base 



Emitter 


Collector 

('out) 

I q Adjust 
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TYPICAL PERFORMANCE CURVES 

R q = 300Q, T a = +25°C, V cc = ±5V unless otherwise noted. 



10 100 1000 10000 
R q (Q) 


TOTAL QUIESCENT CURRENT vs TEMPERATURE 



Temperature (C°) 


OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 



-25 0 25 50 75 100 


Temperature (C°) 


OTA-B INPUT OFFSET VOLTAGE vs TEMPERATURE 



-25 0 25 50 75 100 


Temperature (C°) 


OTA-B INPUT RESISTANCE vs 
TOTAL QUIESCENT CURRENT 



Total Quiescent Current, l Q (mA) 


OTA-E OUTPUT RESISTANCE vs 
TOTAL QUIESCENT CURRENT 



IsoM 
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T ransconductance (mA/V) OTA-C Output Current (m A) OTA-C Output Resistance (MQ) 
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TYPICAL PERFORMANCE CURVES (CONT) 

R q = 300Q, T a = +25°C, V cc = ±5V unless otherwise noted. 


OTA-C OUTPUT RESISTANCE vs 



5 10 15 20 25 30 35 40 


OTA-C OUTPUT BIAS CURRENT vs TEMPERATURE 



-40 -20 0 20 40 60 80 100 


Total Quiescent Current, l Q (mA) 


Temperature (°C) 


OTA TRANSFER CHARACTERISTICS 



-3.5-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 


OTA TRANSFER CHARACTERISTIC vs INPUT VOLTAGE 



OTA-B Input Voltage (V) 


OTA-B Input Voltage (V) 


OTA TRANSCONDUCTANCE vs 



0 ±5 ±10 ±15 ±20 ±25 ±30 


OTA-TRANSCONDUCTANCE vs FREQUENCY 

100 T T 1 1 I 



0 


1.0 10k 100k 1 M 10M 100M 1G 


Total Quiescent Current, l Q (mA) 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

R q = 300ft, T a = +25°C, V cc = ±5V unless otherwise noted. 




10k 

100k 

300k 

1 M 

10M 100M 

1G 

Frequency (Hz) 




Frequency (Hz) 



OTA-E SMALL SIGNAL PULSE RESPONSE 










□ 






1 









. i 



__ 



R, n = 150ft, R L = 100ft 

l RISE = Wl = 1 - 5n 

, V| N = 200m 
s (Generator 

Vp-p, 

) 

l/v* 



0 20 40 60 80 100 


Time (ns) 


OTA-E LARGE SIGNAL PULSE RESPONSE 





























/u_ 


R in = 1 50ft, R l = 1 00ft, V| N = 4Vp-p, 
t R | SE = t FALL = 1 .5ns (Generator) 

r 



0 20 40 60 80 100 

Time (ns) 



100 Ik 10k 100k 


Frequency (Hz) 


OTA-C FREQUENCY RESPONSE 



Frequency (Hz) 


nungi 
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Input Bias Current (pA) OTA-E Harmonic Distortion (dBc) OTA-C Output Voltage (mV) 
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TYPICAL PERFORMANCE CURVES (CONT) 

R q = 300f2, T a = +25°C, V cc - ±5V unless otherwise noted. 


OTA-C SMALL SIGNAL PULSE RESPONSE 
150 

100 

50 

0 

-50 
-100 
-150 


0 20 40 60 80 100 

Time (ns) 










< 





















R| N = 1 500, R e = 1 000, R c = 1 000, 

V, N = 200mVp-p, t R!SE = t FALL = 1 .5ns (Generat 

\/V- 

or) 



OTA-C LARGE SIGNAL PULSE RESPONSE 



















- 












- . 

R in = 1500, R E = 1000, R c = 100^ 
V, N = 4Vp-p, t R | SE = t FALL = 1 .5ns (Gene 

J, 

fator) 

\r 



0 20 40 60 80 100 

Time (ns) 


OTA-E HARMONIC DISTORTION vs FREQUENCY 



1M 10M 100M 


Frequency (Hz) 



1 M 10M 100M 

Frequency (Hz) 


SAMPLING COMPARATOR 




20 40 60 

80 

100 

-40 

-20 

0 20 40 

Temperature (C°) 





Temperature (°C) 
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Common Mode Rejection (dB) Comparator Output Current (mA) Input Resistance (MQ) 
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TYPICAL PERFORMANCE CURVES (CONT) 

R q = 300Q, T a = +25°C, V cc » ±5V unless otherwise noted. 


INPUT RESISTANCE vs TOTAL QUIESCENT CURRENT 



5 10 15 20 25 30 35 40 

Total Quiescent Current, l Q (mA) 


TRANSCONDUCTANCE vs 



0 5 10 15 20 25 

Total Quiescent Current, l Q (mA) 



-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 

Input Voltage (V) 



-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 

Input Voltage (V) 



300k 1M 10M 100M 1G 

Frequency (Hz) 


PROPAGATION DELAY vs TOTAL QUIESCENT CURRENT 



3 8 13 18 21 28 33 38 

Total Quiescent Current, l Q (mA) 
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TYPICAL PERFORMANCE CURVES (CONT) 

R q = 300£t, T a = +25°C, V cc = ±5V unless otherwise noted. 



0 200 400 600 800 100 1200 


A Input Voltage (mV) 



-40 -20 0 20 40 60 80 100 120 


Temperature (°C) 


PROPAGATION DELAY vs LOAD CAPACITANCE 



Capacitive Load, C L (pF) 



500 250 160 120 96 80 68 60 53 48 

(0) (2) (4) (6) (8) (10) (12) (14) (16) (18) (20) 

Slew Rate (V/ps) 

(Rise Time (ns)) 


COMPARATOR RESPONSE TO A 



40 60 

Time (ns) 


COMPARATOR RESPONSE TO A 



0 20 40 60 80 100 

Time (ns) 
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TYPICAL PERFORMANCE CURVES (CONT) 

R q = 300£2, T a = +25°C, V cc = ±5V unless otherwise noted. 



0 20 40 60 80 100 

Time (ns) 


SWITCHING TRANSIENTS TEST CIRCUITS 



FEEDTHROUGH REJECTION vs FREQUENCY 



300k 1M 10M 100M 1G 

Frequency (Hz) 


BANDWIDTH vs OUTPUT CURRENT SWING 



100k 1 M 10M 100M 1G 


Frequency (Hz) 



0 5 10 15 20 25 30 35 40 


Total Quiescent Current, l Q (mA) 


HOLD COMMAND DELAY TIME 











\ 





* 


_J 

r 

W 

= 2mA 

= -2mA 

1 



1 

L 

*OU7 



1 



0 10 20 30 40 50 

Time (ns) 


|i™l 
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DISCUSSION OF 
PERFORMANCE 

The SHC615, which contains a wide-band Operational 
Transconductance Amplifier and a fast sampling compara- 
tor, represents a complete subsystem for very fast and 
precise DC restoration, offset clamping and correction to 
GND or to an adjustable reference voltage, and low fre- 
quency hum suppression of wideband operational or buffer 
amplifiers. 

Although the IC was designed to improve or stabilize the 
performance of complex, wide-band video signals, it can 
also be used as a sample and hold amplifier, high-speed 
integrator, peak detector for nanosecond pulses, or demodu- 
lator or modulator for pulse code transmission systems. A 
wideband Operational Transconductance Amplifier (OTA) 
with a high-impedance cascode current source output and a 
fast and precise sampling comparator set a new standard for 
high-speed sampling applications. 

Both can be used as stand-alone circuits or combined to 
create more complex signal processing stages like sample 
and hold amplifiers. The SHC615 simplifies the design of 
input amplifiers with high hum suppression, clamping or 
DC-restoration stages in professional broadcast equipment, 
high-resolution CAD monitors and information terminals, 
signal processing stages for the energy and peak value of 
small and fast nanoseconds pulses, and eases the design of 
high-speed data acquisition systems behind a CCD sensor or 
in front of an analog-to-digital converter. 

An external resistor, R Q , allows the user to set the quiescent 
current. R Q is connected from Pin 1 (I Q adjust) to -V cc . It 
determines the operating currents of both the OTA and 
comparator sections and controls the bandwidth and AC 
behavior as well as the transconductance of both sections. 
Besides the quiescent current setting feature, the Propor- 
tional- to- Absolute-Temperature (PTAT) supply increases the 
quiescent current vs temperature and keeps it constant over 
a wide range of input voltages. This variation holds the 
transconductance g m of the OTA and comparator relatively 
constant vs temperature. The circuit parameters listed in the 
specification table are measured with R Q set to 300Q, giving 
a nominal quiescent current at ±14mA. The circuit can be 
totally switched-off with a current flowing into Pin 1 . 

OPERATIONAL 
TRANSCONDUCTANCE 
AMPLIFIER (OTA) 

SECTION AND OVERVIEW 

The symbol for the OTA section is similar to that of a 
bipolar transistor, and the self-based OTA can be viewed as 
a quasi-ideal transistor or as a voltage-controlled current 
source. Application circuits for the OTA look and operate 
much like transistor circuits — the bipolar transistor, also, is 
a voltage-controlled current source. Like a transistor, it has 
three terminals: a high-impedance input (base) optimized for 
a low input bias current of 0.3pA, a low-impedance input/ 


output (emitter), and the high-impedance current output 
(collector). 

The OTA consists of a complementary buffer amplifier and 
a subsequent complementary current mirror. The buffer 
amplifier features a Darlington output stage and the current 
mirror has a cascoded output. The addition of this cascode 
circuitry increases the current source output resistance to 
IMG and the open-loop gain to typical 96dB. Both features 
improve the OTAs linearity and drive capabilities. Any 
bipolar input voltage at the high impedance base has the 
same polarity and signal level at the low impedance buffer 
or emitter output. For the open-loop diagrams the emitter is 
connected to GND and then the collector current is deter- 
mined by the product voltage between base and emitter 
times the transconductance. In application circuits (Figure 
2b.), a resistor R E between emitter and GND is used to set 
the OTA transfer characteristics. The following formulas 
describe the most important relationships. r E is the output 
impedance of the buffer amplifier (emitter) or the reciprocal 
of the OTA transconductance. Above ±5mA, collector cur- 
rent, Ic, will be slightly less than indicated by the formula. 


The R e resistor may be bypassed by a relatively large 
capacitor to maintain high AC gain. The parallel combina- 
tion of R e and this large capacitor form a high pass filter 
enhancing the high frequency gain. Other cases may require 
a RC compensation network parallel to R E to optimize the 
high-frequency response. The full power bandwidth mea- 
sured at the emitter achieves 620MHz. The frequency re- 
sponse of the collector is directly related to the resistor’s 
value between collector and GND; it decreases with increas- 
ing resistor values, because it forms a low-pass network with 
the OTA C-output capacitance. 

Figure 1 shows a simplified block and circuit diagram of 
the SHC615 OTA. Both the emitter and the collector 
outputs offer a drive capability of ±20mA for driving low 
impedance lines or inputs. Connecting the collector to the 
emitter in a direct-feedback buffer configuration increases 
the drive capability to ±40mA. The emitter output is not 
current-limited or-protected. Momentary shorts to GND 
should be avoided, but are unlikely to cause permanent 
damage. 

While the OTA’s function and labeling looks similar to 
that of transistors, it offers essential distinctive differences 
and improvements: 1) The collector current flows out of 
the C terminal for a positive B-to-E input voltage and into 
it for negative voltages; 2) A common emitter amplifier 
operates in non-inverting mode while the common base 
operates in inverting mode; 3) The OTA is far more linear 
than a bipolar transistor; 4) The transconductance can be 
adjusted with an external resistor; 5) Due to the PTAT 
biasing characteristic the quiescent current increases as 
shown in the typical performance curve vs temperature 
and keeps the AC performance constant; 6) The OTA is 
self-biased and bipolar; and, 7) The output current is zero 
for zero differential input voltages. AC inputs centered at 
zero produce an output current centered at zero. 
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v- 

(A) Common Emitter Amplifier (B) Common-E Amplifier 

T ransconductance varies over temperature. T ransconductance remains constant over temperature. 


FIGURE 2. a) Common Emitter Amplifier Using a Discrete Transistor; b) Common-E Amplifier Using the OTA Portion of the 
SHC615. 


BASIC APPLICATIONS CIRCUITS a Common-E amplifier which is equivalent to a common 

Most application circuits for the OTA section consist of a emitter transistor amplifier. Input and output can be ground 

few basic types which are best understood by analogy to referenced without any biasing. Due to the sense of the 

discrete transistor circuits. Just as the transistor has three output current, the amplifier is non-inverting, 

basic operating modes — common emitter, common base, Figure 4 shows the common-B amplifier. This configuration 

and common collector— the OTA has three equivalent oper- produces an inverting gain, and the input is low-impedance, 

ating modes common-E, common-B, and common-C (See When a high impedance input is needed, it can be created by 

Figures 2, 3 and 4). Figure 2 shows the OTA connected as inserting a buffer amplifier like BUF600 in series. 
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FIGURE 3. a) Common Collector Amplifier Using a Discrete 
Transistor; b) Common-C Amplifier Using the 
OTA Portion of the SHC615. 


v+ 



FIGURE 4. a) Common Base Amplifier Using a Discrete 
Transistor; b) Common-B Amplifier Using the 
OTA Portion of the SHC615. 


SAMPLING COMPARATOR 

The SHC615 sampling comparator features a very short 
2.2ns propagation delay and utilizes a new switching circuit 
architecture to achieve new levels of high-speed precision. 

It provides high impedance inverting and non-inverting 
inputs, a high-impedance current source output and a TTL- 
CMOS-compatible Hold Control Input. 

The sampling comparator consists of an operational transcon- 
ductance amplifier (OTA), a buffer amplifier, and a subse- 
quent switching circuit. The OTA and buffer amplifier are 
directly tied together at the buffer outputs to provide the two 
identical high-impedance inputs and high open-loop transcon- 
ductance. Even a small differential input voltage multiplied 
with the high transconductance results in an output cur- 
rent — positive or negative — depending upon the input polar- 
ity. This is similar to the low or high status of a convential 
comparator. The current source output features high output 
impedance, output bias compensation, and is optimized for 
charging a capacitor in DC restoration, ns-second integra- 
tors, peak detectors and S/H circuits. The typical comparator 
output current is ±4mA and the output bias current is 
minimized to typically 4pA in the sampling mode. 

This innovative circuit achieves the slew rate representatives 
of an open-loop design. In addition, the acquisition slew 
current for a hold or storage capacitor is higher than standard 
diode bridge and switch configurations, removing a main 
contributor to the limits of maximum sampling rate and 
input frequency. 

The switching circuits in the SHC615 use current steering 
(versus voltage switching) to provide improved isolation 
between the switch and analog sections. This results in low 
aperture time sensitivity to the analog input signal, reduced 
power supply and analog switching noise. Sample-to-hold 
peak switching is 40fC. 


The additional offset voltage or switching transient induced 
on a capacitor at the current source output by the switching 
charge can be determined by the following formula: 


Offset(V) = 


Charge(pC) 
C H Total(pF) 


The switching stage input is insensitive to the low slew rate 
performance of the hold control command and compatible 
with TTL/CMOS logic levels. With a TTL logic high, the 
comparator is active, compares the two input voltages with 
each other and varies the output current accordingly. With a 
TTL logic low, the comparator output is switched off. 


APPLICATION INFORMATION 

The SHC615 operates from ±5V power supplies (+6V maxi- 
mum). Do not attempt to operate with larger power supply 
voltages or permanent damage may occur. 

Inputs of the SHC615 are protected with internal diode 
clamps as shown in Figure 1. These protection diodes can 
safely conduct 10mA, continuously (30mA peak). If input 
voltages can exceed the power supply voltages by 0.7V, the 
input signal current must be limited. 

BASIC CONNECTIONS 

Figure 6 shows the basic connections required for operation. 
These connections are not shown in subsequent circuit 
diagrams. Power supply bypass capacitors should be located 
as close as possible to the device pins. Solid tantalum 
capacitors are generally best. See “Circuit Layout” at the end 
of the applications discussion for further suggestions on 
layout. 
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If the high speed TTL-hold command signal goes negative 
due to reflections for AC-coupling, the hold control input 
must be protected by an external reverse bias diode to 
ground as shown in Figure 6. 

CIRCUIT LAYOUT 

The high-frequency performance of the SHC615 can be 
greatly affected by the physical layout of the printed circuit 
board. The following tips are offered as suggestions, not as 
absolute requirements. Oscillations, ringing, poor bandwidth, 
poor settling, and peaking are all typical problems that 


plague high-speed components when they are used incor- 
rectly. 

• Bypass power supplies very close to the device pins. 
Use tantalum chip capacitors (approximately 2.2pF); 
parallel 470pF and/or lOnF ceramic chip capacitors 
may be added if desired. Surface mount types are 
recommended because of their low lead inductance. 
Supply bypassing is extremely critical at high frequen- 
cies and when driving high current loads. 

• PC board traces for power lines should be wide to reduce 
impedance or inductance. 



FIGURE 5. a) Simplified Block Diagram; and, b) Circuit Diagram of the Sampling Comparator which Includes the Sampling 
Operational Transconductance Amplifier (SOT A) and the Switching Stage. 

BURR -BROWN® 
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•Make short, low-inductance traces. The entire physical 
circuit should be as small as possible. 

• Use a low-impedance ground plane on the component side 
to ensure that a low-impedance ground is available through- 
out the layout. 

•Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances such as the amplifier’s 
input terminals. 

• Sockets are not recommended since they add significant 
inductance and parasitic capacitance. If sockets must be 
used, consider using zero-profile sockets. 

•Use low-inductance, surface-mount components. Circuits 
using all surface-mount components with the SHC615 will 
offer the best AC performance. 


• A resistor of 100 to 25012 in series with the high-imped- 
ance inputs is recommended to reduce peaking. 

• Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techniques is 
essential — there are no shortcuts. 

•Terminate transmission line loads. Unterminated lines, 
such as box cables, can appear to the amplifier to be a 
capacitive or inductive load. By terminating a transmission 
line with its characteristic impedance, the amplifier’s load 
then appears purely resistive. 

• Protect the hold control input with an external diode if 
necessary. 



FIGURE 6. Basic Connections 
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TYPICAL APPLICATIONS 





FIGURE 8. DC Resotration of a Buffer Amplifier. 


Hold rr rack 



FIGURE 10. Sample/Hold Amplifier. 


mm 
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FIGURE 14. Phase Detector For Fast PLL-Systems. 
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BURR - BROWN® 



SHC803BM, CM 
SHC804BM, CM 

ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-512 


High Speed 

SAMPLE/HOLD AMPLIFIER 


FEATURES 

• 350ns max ACQUISITION TIME 

• ±0.01% THROUGHPUT NONLINEARITY 

• 150ns max SAMPLE-TO-HOLD SETTLING 
TIME 

• INPUT BUFFER (SHC803) 

• 24-PIN HERMETICALLY-SEALED METAL 
PACKAGE 

DESCRIPTION 

The SHC803 and SHC804 are high speed sample/hold 
amplifiers designed for use in fast 12-bit data acquisi- 
tion systems and signal processing systems. The SHC803 
contains a fast-settling unity-gain amplifier for buffer- 
ing high impedance sources or for use with CMOS 
multiplexers. 

The SHC804 acquires a 10V signal change in less than 
350ns to ±1/2LSB at 12 bits. Throughput nonlinearity 


error is guaranteed to be within ±1/2LSB for 12-bit 
systems. Stability over temperature is excellent, with 
only ±5ppm/°C of gain drift and ±4ppm of FSR/°C of 
charge offset drift over the -25 to +85 °C temperature 
range. 

The ±25ps maximum aperture uncertainty of SHC803 
and SHC804 permits sampling (to ±0.01% of Full 
Scale Range) of signals with rates of change of up to 
lOOV/ps. These sample/holds have been optimized for 
use with Burr-Brown’s high speed 12-bit analog-to- 
digital converter, model ADC803. Together these com- 
ponents are capable of accurately digitizing fast chang- 
ing signals at sample rates as high as 500k samples per 
second. 

The digital inputs (HOLD and HOLD) are TTL- 
compatible. Power supply requirements are ±15V and 
+5V and the specification temperature range is -25 °C 
to +85°C. The SHC803 and SHC804 are packaged in 
a 24-pin dual-in-line hermetic metal package. SHC804 
is pin-compatible with other sample/holds on the 
market with similar performance characteristics. 


Buffer 
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Sample/Hold 
q Analog Input 

i - i 

! SHC803 Only | 

i t 
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1000Q 
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| | 1 ' \ — Sample/ 
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Switch ( : 


Drive 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C, rated power supplies and a IkQ output load, unless otherwise specified. 



SHC803/SHC804BM 

SH C803/SHC804CM 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

SAMPLE/HOLD INPUTS (without Input Buffer) | 

ANALOG 

Voltage Range 

±10.25 

±11 


* 

* 


V 

R,n 


1.00 



* 


kQ 

DIGITAL (HOLD, HOLD) 








V |H 

+2.0 



* 



V 

V, L 



+0.8 



* 

V 

l| H > V 1N = +2.7V 



+60 



* 

pA 

l IL , V IN = +0.4V 



-1.2 



* 

mA 

SAMPLE/HOLD TRANSFER CHARACTERISTICS (without Input Buffer) | 

ACCURACY 

Sample Mode 








Gain 


-1 



* 


V/V 

Gain Error 



±0.1 



* 

% 

Temperature Coefficient 


±3 

±10 


±1 

±5 

ppm/°C 

Linearity Error 


±0.001 

±0.005 


* 

* 

% of FSR (1) 

Zero Offset 


±1 

±5 


±0.5 

±3 

mV 

Temperature Coefficient 


±1 

±2.5 


±0.5 

±1.5 

ppm of FSR/°C 

Hold Mode 








Charge Offset 


±2 

±10 


±1 

±5 

mV 

Temperature Coefficient 


±3 

±10 


±2 

±4 

ppm of FSR/°C 

Droop Rate: at +25°C 


±0.5 

±5 


* 

* 

jxV/|js 

+85°C 



±0.5 



±0.1 

mV/ps 

Throughput Nonlinearity 



±0.01 



* 

% of FSR 

Power Supply Sensitivity* 2 ); ±V CC 



±0.002 



* 

% of FSR/%V CC 

v DD 



±0.003 



* 

% of FSR/%V do 

DYNAMIC CHARACTERISTICS 

Acquisition Time (with 10V Step) 








to within: ±0.1% (±10mV) 


220 



* 


ns 

±0.01% (±1mV) 


250 

350 


* 

* 

ns 

Sample-to-Hold Settling Time 








to within ±0.01% (±1mV) 


100 

150 


* 

* 

ns 

Sample-to-Hold Transient Amplitude 


60 

150 


* 

* 

mV PEAK 

Aperture Delay Time* 3 ) 


15 

25 


* 

* 

ns 

Aperture Uncertainty 


±10 

±25 


* 

* 

ps 

Sample Mode: Output Slew Rate 


160 



* 


V/|!S 

Full Power Bandwidth 


1 



* 


MHz 

Small Signal Bandwidth 


16 



* 


MHz 

Hold Mode Feedthrough Rejection 








(10V Square Wave Input) 

±0.03 

±0.005 



* 


% 

SAMPLE/HOLD OUTPUT 

Voltage Range 

±10.25 

±11 


* 

* 


V 

Output Current 

±50 



* 



mA 

Short Circuit Protection 

Indefinite to Common 


* 



Output Impedance (at DC) 


0.01 

0.1 


* 

* 

a 

INPUT BUFFER CHARACTERISTICS (SHC803 only) | 

INPUT 

Offset Voltage 


±1/2 

±5 


* 

* 

mV 

vs Temperature 


±1.5 

±2.5 


* 

* 

ppm of FSR/°C 

Bias Current 



±25 



* 

nA 

Impedance 


10® || 5 





Oil PF 

V IN Range 

±10.25 

±11 


* 

* 


V 

DYNAMIC CHARACTERISTICS 

Full Power Bandwidth 


320 



* 


kHz 

Slew Rate* 4 ) 


10 



* 


V/|i.s 

Settling Time* 4 ) to ±2mV for 10V Step 


2.5 



* 


\is 

OUTPUT 

V OU T Range 

±10.25 



* 



V 

Output Current 

±10.25 






mA 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At +25°C, rated power supplies and a IkQ output load, unless otherwise specified. 



SHC803/SHC804BM 

SHC803/SHC804CM 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY REQUIREMENTS 








Rated Voltage: ±V CC 

±13.5 

±15 

±16.5 

* 

* 

* 

V 

Vdd 

+4.75 

+5.00 

+5.25 

* 

* 

* 

V 

Quiescent Current (No Load) 








SHC804: +V CC 


30 

35 


* 

* 

mA 

-V C c 


15 

20 


* 

* 

mA 

Vdd 


5 

10 


* 

* 

mA 

SHC803: +V CC 


33 

40 


* 

* 

mA 

~ V CC 


18 

25 


* 

* 

mA 

V D D 


5 

10 


* 

* 

mA 

Power Dissipation: SHC804 


700 

875 


* 

* 

mW 

SHC803 


790 

1100 


* 

* 

mW 

TEMPERATURE RANGE 








Specification 

-25 


+85 

* 


* 

°C 

Storage 

-55 


+125 



* 

°C 


* Specification same as SHC803/SHC804BM. 

NOTES: (1) FSR means Full Scale Range and is 20V for SHC803 and SHC804. (2) Sensitivity of offset plus charge offset. (3) With respect to HOLD. For HOLD add 
5ns typical. (4) With buffer connected to the sample/hold amplifier. 
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PIN ASSIGNMENTS 


PIN 

NAME 

DESCRIPTION 

1 

Sample/Hold Output 

Analog voltage output 

2 

NC 

Not connected 

3 

NC 

Not connected 

4 

NC 

Not connected 

5 

NC 

Not connected 

6 

NC 

Not connected 

7 

NC 

Not connected 

8 

NC 

Not connected 

9 

V DD 

Logic supply 

10 

DCOM 

Logic supply common 

11 

HOLD 

Logic “1” = HOLD 

12 

HOLD 

Logic “0” = HOLD 

13 

S/H In 

SHC804 input; for SHC803 connect 
pin 13 to pinl 4 

14 

Buffer Out, SHC803 only 

Not connected for SHC804 

15 

COM 

Signal common 

16 

NC 

Not connected 

17 

Buffer In, SHC803 only 

Not connected for SHC804 

18 

NC 

Not connected 

19 

NC 

Not connected 

20 

NC 

Not connected 

21 

COM 

Signal common 

22 

“ V CC 

-1 5V supply 

23 

V cc COM 

Analog to power common, connected 
to case 

24 

+V CC 

+15V supply 


ABSOLUTE MAXIMUM RATINGS 

Input Overvoltage ±15V 

+V CC to V cc COMMON 0 to +18V 

-V cc to V cc COMMON 0 to -1 8V 

Voltage on Digital Inputs (pins 1 1 and 12) -0.5V to +7V 

Power Dissipation 1 500mW 

V DD to DCOM -0.5V 

Analog Output Indefinite Short to V cc COM 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliablility. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

SHC803BM 

24-Pin 

113 

SHC803CM 

24-Pin 

113 

SHC804BM 

24-Pin 

113 

SHC804CM 

24-Pin 

113 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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High Speed Bipolar Monolithic 
SAMPLE/HOLD AMPLIFIER 


FEATURES DESCRIPTION 


• ACQUISITION TIME TO 0.01%: 1.5jiS max 

• HOLD MODE SETTLING TIME: 350ns max 

• DROOP RATE AT +25°C: 0.5|iV/|is max 

• TTL COMPATIBLE 

• FULL DIFFERENTIAL INPUTS 

• INTERNAL HOLDING CAPACITOR 

• TWO TEMPERATURE RANGES: 

-40°C to +85 °C (KH, KP, KU, KD) 

-55°C to +1 25°C (SH) 

• PACKAGE OPTIONS: 14-pin Ceramic and 
Plastic DIP, 16-pin SOIC 

APPLICATIONS 

• PRECISION DATA ACQUISITION 
SYSTEMS 

• DIGITAL-TO-ANALOG CONVERTER 
DEGLITCHER 

• AUTO ZERO CIRCUITS 

• PEAK DETECTORS 

External 


Offset Hold 

Adjust Capacitor 



Reference Bandwidth 
Common Control 


The SHC5320 is a bipolar monolithic sample/hold 
circuit designed for use in precision high-speed data 
acquisition applications. 

The circuit employs an input transconductance ampli- 
fier capable of providing large amounts of charging 
current to the holding capacitor, thus enabling fast 
acquisition times. It also incorporates a low leakage 
analog switch and an output integrating amplifier with 
input bias current optimized to assure low droop rates. 
Since the analog switch always drives into a load at 
virtual ground, charge injection into the holding ca- 
pacitor is constant over the entire input voltage range. 
As a result, the charge offset (pedestal voltage) result- 
ing from this charge injection can be adjusted to zero 
by use of the offset adjustment capability. The device 
includes an internal holding capacitor to simplify ease 
of application; however, provision is also made to add 
additional external capacitance to improve the output 
voltage droop rate. 

The SHC5320 is manufactured using a dielectric iso- 
lation process which minimizes stray capacitance (en- 
abling higher-speed operation), and eliminates latch- 
up associated with substrate SCRs. The SHC5320KH, 
KP, KU, and KD feature fully specified operation over 
the extended industrial temperature range of -40°C to 
+85°C, while the SHC5320SH operates over the tem- 
perature range of -55°C to +125°C. The device re- 
quires ±15V supplies for operation, and is packaged in 
a reliable 14-pin ceramic or plastic dual-in-line pack- 
age, as well as a 16-pin surface mount plastic package. 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C, rated power supplies, gain = +1, and with internal holding capacitor, unless otherwise noted. 



SHC5320KH, KP, KU 

SHC5320SH 


PARAMETERS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

ANALOG 

Voltage Range 

±10 






V 

Common-Mode Range 

±10 



* 



V 

Input Resistance 

1 

5 


* 

* 


MQ 

Input Capacitance 



3 



* 

PF 

Bias Current 


±100 

±300 


+70 

±200 

nA 

Bias Current Over Temperature Range 



±300 



±200 

nA 

Offset Current 


±30 

±300 


* 

±100 

nA 

Offset Current Over Temperature Range 



±300 



±100 

nA 

DIGITAL (Over Temperature Range) 

V 1H (Logic “1”) 

2.0 



* 



V 

V 1L (Logic “0”) 



0.8 



* 

V 

l, H (V, s> +5V) 



0.1 



* 

HA 

l,L (V, - 0V) 

Logic “0” = SAMPLE 

Logic “1 ” = HOLD 



4 




pA 

OUTPUT CHARACTERISTICS 

Voltage Range 

±10 



* 



V 

Current 

±10 



* 



mA 

Output Impedance (Hold Mode) 


1 



* 


Q 

Noise, DC to 10MHz: Sample Hold 


125 

200 



* 

pVrms 

Hold Mode 


125 

200 



* 

pVrms 

DC ACCURACY/STABILITY 

Gain, Open Loop, DC 

3 x 10 5 

2 x 10 6 


10 6 

* 


V/V 

Input Offset Voltage 


±0.5 



±0.2 


mV 

Input Offset Voltage Over Temperature Range 



±1.5 



±2 

mV 

Input Offset Voltage Drift 


±5 

±20 


* 

±15 

pV/°C 

CMRR (1) 

72 

90 


80 

* 


dB 

Power Supply Rejection®: +V CC 

80 



* 



dB 

-Vcc 

65 






dB 

HOLD-TO-SAMPLE MODE 

DYNAMIC CHARACTERISTICS 

Acquisition Time, A = -1 , 10V Step®: 








to ±0.01% 


1 

1.5 


* 

* 

ps 

to ±0.1% 


0.8 

1.2 


* 

* 

ps 

SAMPLE MODE 

Gain-Bandwidth Product (Gain = +1)®: 








C H = 1 0OpF 


2 



* 


MHz 

C H = 1 0OOpF 


180 



* 


kHz 

Full Power Bandwidth® 


600 



* 


kHz 

Slew Rate® 


45 



* 


V/ps 

Rise Time® 


100 



* 


ns 

Overshoot' 4 ) 


15 



* 


% 

SAMPLE-TO-HOLD MODE 

DYNAMIC CHARACTERISTICS 

Aperture Time® 


25 





ns 

Effective Aperture Time 

-50 

-25 

0 

* 

* 

* 

ns 

Aperture Uncertainty (Aperture Jitter) 


0.3 



* 


ns 

Charge Offset (Pedestal)® (Adjustable to Zero) 


1 

5 


* 

* 

mV 

Charge Transfer® 

Sample-to-Hold Transient Settling Time 


0.1 

0.5 




PC 

to ±0.01% of FSR 


165 

| 

350 


* 

* 

ns 

HOLD MODE 

Droop® 


0.08 

0.5 


* 

* 

pV/ps 

Droop at Maximum Temperature® 


1.2 

100 


17 

* 

pV/ps 

Drift Current® 


8 

50 


* 

* 

pA 

Drift Current at Maximum Temperature® 


0.12 

10 


1.7 

* 

nA 

Feedthrough, lOVp-p, 100kHz Sinewave 


2 

i 


* 


mV 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C, rated power supplies, gain = +1 , and with internal holding capacitor, unless otherwise noted. 



SHC5320KH, KP, KU 

| SHC5320SH | 


PARAMETERS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLIES 








+V cc 

+12 

+15 

+18 

* 

* 

* 

V 

"Vcc 

-12 

-15 

-18 

* 

* 

* 

V 

+ l cc (+V CC = 1 5V) (9) 


11 

13 


* 

* 

mA 

-l CC ("Vcc - 15V)' 3 * 


-11 

-13 



* 

mA 

TEMPERATURE 








Specification 

-40 


+85 

-55 


+125 

°C 

Storage 

-65 


+150 

* 



* 

°C 

PACKAGE 

Hermetic C 

Ceramic, Plastic DIP, SOIC 

| Hermetic Ceramic j 



‘Specification same as grade to the left. 


NOTES: (1 ) V CM = ±5VDC. (2) Based on a ±0.5V swing for each supply with all other supplies held constant. (3) V 0 = 1 0V step, R L = 2kQ, C L = 50pF. (4) V 0 = 200m Vp-p, 
R l = 2kO, C L = 50pF. (5) V (N = 20Vp-p, R L = 2kO, C L = 50pF, unattenuated output. (6) V 0 = 20V step, R L = 2kQ, C L = 50pF. (7) Simulated only, not tested. (8) V |N = 0V, 
V IH = +3.5V, t„ < 20ns (V IL to V IH ). (9) Specified for zero differential input voltage between pins 1 and 2. Supply current will increase with differential input (as may occur 
in the Hold mode) to approximately ±28mA average at 20V differential. 


PIN CONNECTIONS 


Top View 


DIP 



Mode Control 
Supply Common 
NC 

External Hold 
Capacitor 

NC 

+v cc 

Bandwidth Control 


Top View 



SOIC 

Mode Control 
Supply Common 
NC 
NC 

External Hold 
Capacitor 

NC 

+v cc 

Bandwidth Control 


ABSOLUTE MAXIMUM RATINGS* 1 * 


Voltage Between +V CC and -V cc Terminals 40V 

Input Voltage Actual Supply Voltage 

Differential Input Voltage ±24V 

Digital Input Voltage +15V, -IV 

Output Current, continuous' 2 * ±20mA 

Internal Power Dissipation 450mW 

Storage Temperature Range -65°C < T A < +150°C 

Output Short-Circuit Duration' 3 * None 

Lead Temperature (soldering, 10s) 300°C 


CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

NOTES: (1) Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. Absolute 
maximum ratings apply to both dice and package parts, unless otherwise noted. 
(2) Internal power dissipation may limit output current to less than +20mA. (3) 
WARNING: This device cannot withstand even a momentary short circuit 
to either supply. 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

SHC5320KP 

14-Pin Plastic DIP 

010 

SCH5320KU 

16-Pin SOIC 

211 

SHC5320KH 

14-Pin Cerdip 

163 

SHC5320SH 

14-Pin Cerdip 

163 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

PACKAGE 

SHC5320KP 

SHC5320KU 

SHC5320KH 

SHC5320SH 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 

14-pin Plastic DIP 
16-pin SOIC 

1 4-pin Cerdip 

14-pin Cerdip 


■bb! 
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DICE INFORMATION 



SHC5320 DIE TOPOGRAPHY 


PAD 

FUNCTION 

PAD 

FUNCTION 

n 

-Input 

9 

Output 

- 

+lnput 

10 

Bandwidth Control 


NC 

11 

NC 

9 

Offset Adjustment 

12 

+v cc 

■ ■ 

Offset Adjustment 

13 

External Hold Cap. 

6 

-V cc 

14 

NC 

7 

NC 

15 

Supply Common 

8 

Reference Common 

16 

Mode Control 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 
Min. Pad Size 

140 x 95 

18 ±0.8 

5x5 

3.56 x 2.41 
0.45 ±0.02 
0.127 x 0.127 


ELECTRICAL (Dice) 


At +25°C, rated power supplies, gain = +1 , and with internal holding capacitor, unless otherwise noted. 



SHC5320KD j 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

INPUT VOLTAGE RANGE 

±10 



V 

INPUT OFFSET VOLTAGE 



1.5 

mV 

BIAS CURRENT 



300 

nA 

INPUT OFFSET CURRENT 



300 

nA 

COMMON-MODE RANGE 

±10 



V 

COMMON-MODE REJECTION RATION 

72 



dB 

OUTPUT VOLTAGE RANGE 

±10 



V 

OUTPUT CURRENT 

±10 



mA 

DIGITAL INPUT VOLTAGE “HIGH” (V (H ) 

2.0 



V 

DIGITAL INPUT VOLTAGE “LOW” (V 1L ) 



0.8 

V 

POSITIVE SUPPLY CURRENT* 2 ) 



+13 

mA 

NEGATIVE SUPPLY CURRENT* 2 ' 


■ 

-13 

mA 

POWER SUPPLY REJECTION* 2 ) 

+v cc 

80 



dB 

— ^cc 

65 



dB 


NOTES: (1 ) V CM = ±5VDC. (2) Specified for a zero differential input voltage between pins 1 and 2. Supply current will increase with differential input voltage (as may 
occur in the hold mode) to approximately ±28mA at V 0IFF = 20V. (3) Based on a ±0.5V swing for each supply with all other supplies held constant. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

PACKAGE 

SHC5320KP 

SHC5320KU 

SHC5320KH 

SHC5320SH 

-40 °C to +85° C 
-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 

14-pin Plastic DIP 

16-pin SOIC 

14-pin Cerdip 

14-pin Cerdip 


6.56 


Burr-Brown IC Data Book — Data Conversion Products 


■ WMM 
























Gain (dB) 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 

TYPICAL PERFORMANCE CURVES 

±V CC = 15V. 


TYPICAL SAMPLE/HOLD PERFORMANCE 
AS FUNCTION OF HOLDING CAPACITOR 

10 
5 

1.0 
0.5 

0.1 
0.05 

0.01 

100 1000 10 100 1M 



CHARGE OFFSET 
vs MODE CONTROL (V IH ) VOLTAGE 



C H Value (pF) 


Logic Level High (V) 


OPEN-LOOP GAIN 
AND PHASE RESPONSE 



1 10 100 Ik 10k 100k 1M 10M 


DRIFT CURRENT 
vs TEMPERATURE 



Frequency (Hz) 


Temperature (°C) 
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DISCUSSION OF 
SPECIFICATIONS 

WHAT IS A SAMPLE/HOLD AMPLIFIER? 

A sample/hold amplifier (also sometimes called a track-and- 
hold amplifier) is a circuit that captures and holds an analog 
voltage at a specific point in time under control of an 
external circuit, such as a microprocessor. This type of 
circuit has many applications; however, its primary use is in 
data acquisition systems which require that the voltage be 
captured and held during the analog-to-digital conversion 
process. Use of a sample/hold effectively increases the 
bandwidth of a data acquisition system by a significant 
amount. For further discussion of this capability, refer to 
“Signal Digitization” in the Applications section of this data 
sheet. 

The ideal sample/hold amplifier in its simplest form contains 
four primary components as illustrated in Figure 1, although 
in actual practice they may not be internally connected 
exactly as shown. Amplifier A p the input buffer, provides a 
high impedance load to the source circuit and supplies 
charging current to the holding capacitor C H . Switch S } 
opens and closes under external control to gate the buffered 
input signal to the holding circuit or to remove it so that the 
most recently sampled signal will be held. Amplifier A 2 
serves to present a high impedance load to the holding 
capacitor and to provide a low impedance voltage source for 
external loads. A minimum of three terminals are provided 
for the user: input, output, and mode control (or sample/hold 
control). When S,, is closed, the output signal follows the 
input signal, subject to errors imposed by amplifier band- 
width and other errors as discussed below. When S 1? is 
opened, the voltage stored on the holding capacitor will be 
held indefinitely (in the ideal case), and will appear at the 
output of the circuit until S r is again closed under command 
of the mode control signal. 



The following discussion of specifications covers the critical 
types of errors which may be experienced in applications of 
a sample/hold amplifier. These errors are depicted graphi- 
cally in Figure 2, and in the Typical Performance Curves. 

Acquisition Time is the time required for the sample/hold 
output to settle within a given error band of its final value 
after the sample mode is initiated. Included in this time are 
effects of switch delay time, slew rate of the buffer ampli- 
fier, and settling time for a specified change in held voltage 
value. Slew rate limitations of the buffer amplifier will cause 



FIGURE 2. Illustration of Sample/Hold Specifications. 


actual acquisition time to be highly dependent on the ampli- 
tude of the voltage to be acquired, relative to the value 
already held by the capacitor. Therefore, proper specifica- 
tion of sample/hold amplifier performance includes defini- 
tion of both output value step size and required error band 
accuracy. 

Aperture Time (or aperture delay time) is the time required 
for switch S p to open and remove the charging signal from 
the capacitor after the mode control signal has changed from 
“sample” to “hold.” This time is measured from the 50% 
point of the Hold mode transition to the time at which the 
output stops tracking the input. This parameter is very 
important in applications for which the input signal is 
changing very rapidly when the Hold mode is initiated. 

Effective Aperture Time is the difference in propagation 
delay times of the analog signal and the mode control signal 
from their respective input pins to switch S r This time may 
be negative, zero, or positive. A negative value indicates that 
the mode control propagation delay is shorter than the 
analog propagation delay, with the result that the analog 
value present on the capacitor at the time the switch opens 
occurred earlier than the application of the mode control 
signal by the amount of the effective aperture delay time. 

Aperture Uncertainty (or aperture jitter) is the variation 
observed in the aperture time over a large number of obser- 
vations. This parameter is important when the analog input 
is a rapidly changing signal, as aperture uncertainty contrib- 
utes to lack of knowledge (at the output) about the true value 
of the input at the precise time the Hold mode is initiated. 
The maximum input frequency for a given acceptable error 
contribution due to aperture uncertainty is 

f MAX = Maximum Fractional Error^rcty 

where Maximum Fractional Error (MFE) is the ratio of the 
maximum allowable error voltage to peak voltage, and ty is 
the aperture uncertainty time. For a bipolar ±10V signal and 
a maximum uncertainty error of 1/2LSB in a 12-bit system, 
the MFE is equal to 1/2LSB - V PEAK = 2.44mV - 10V = 
0. 000244V W, since 1/2LSB = 2.44mV for a 20V full-scale 
range. 

For the same system operating with a unipolar 0V to 10V 
signal, MFE would be 0.000 122V/V. 
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Charge Offset (pedestal) is the output voltage change that 
results from charge transfer into the hold capacitor through 
stray capacitance when the Hold mode command is given. 
This charge appears as an offset voltage at the output, and in 
some sample/hold amplifiers may be a function of the input 
voltage. 

Charge offset is specified for the SHC5320 using only the 
internal holding capacitor. When an external capacitor is 
added, charge offset is calculated as Charge Transfer (pC) 
divided by total hold capacitance. Charge Transfer is also 
specified for the SHC5320, and total hold capacitance is the 
sum of the internal hold capacitor value (lOOpF) and the 
external hold capacitor. Since charge transfer is not a func- 
tion of analog input voltage for the SHC5320, this error may 
be removed by means of the offset adjustment capability of 
the amplifier. 

Droop Rate is the change in output voltage over time during 
the Hold mode as a result of hold capacitor leakage, switch 
leakage, and bias current of the output amplifier. Droop rate 
varies with temperature and the quality of the external 
holding capacitor, if used. Careful circuit layout is also 
required to minimize droop. 

Drift Current is the net leakage current affecting the hold 
capacitor during the Hold mode. With knowledge of the drift 
current, droop can be calculated as: 

Droop (V/s) = I D (pA)/C H (pF) 

Hold Mode Feedthrough is the fraction of the input signal 
which appears at the output while in the Hold mode. It is 
primarily a function of switch capacitance, but may also be 
increased by poor layout practices. 

Hold Mode Settling Time is the time required for the sample- 
to-hold transient to settle within a specified error band. 

OPERATING INSTRUCTIONS 

(Developed Around 14-Pin Package) 

OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/hold should be switching 
continuously between the Sample and the Hold modes. The 
offset should then be adjusted to zero output for the periods 
when the amplifier is in the Hold mode. In this way, the 
effects of both amplifier offset and charge offset will be 
accounted for. 

SAMPLE/HOLD CONTROL 

A TTL logic “0” applied to pin 14 switches the SHC5320 
into the Sample (track) mode. In this mode, the device acts 
as an amplifier which exhibits normal operational amplifier 
behavior, with the relationship of output to input signal 
depending upon the circuit configuration selected (see the 
Installation section below). Application of a logic “1” to pin 
14 switches the SHC5320 into the Hold mode, with the 
output voltage held constant at the value present when the 
hold command is given. Pin 14 presents less than one 
LSTTL load to the driving circuit throughout the full oper- 
ating temperature range. 

Teflon® Du Pont Corporation 

BURR -BROWN® 


ADDITION OF AN EXTERNAL CAPACITOR 

The SHC5320 contains an internal lOOpF MOS holding 
capacitor, sufficient for most high-speed applications. If 
improved droop performance is desired (with increased 
acquisition time), additional capacitance may be added be- 
tween pins 7 and 11. If an external holding capacitor C H is 
used, then a noise-bandwidth capacitor with a value 0.1 C H 
should be connected from pin 8 to ground. The exact value 
and type of this bandwidth capacitor are not critical. 

Capacitors with high insulation resistance and low dielectric 
absorption, such as Teflon ® or polystyrene units, should be 
used as storage elements (polystyrene should not be used 
above +85°C). Care should be taken in the printed circuit 
layout to minimize leakage currents from the capacitor to 
minimize droop errors. 

The value of the external capacitor determines the droop, 
charge offset, and acquisition time of the sample/hold. Both 
droop and charge offset will vary linearly with total hold 
capacitance from the values given in the specification table 
for the internal lOOpF capacitor. The behavior of acquisition 
time versus total hold capacitance is shown in the Typical 
Performance Curves. 

OUTPUT PROTECTION 

In order to optimize high-frequency performance of this 
device, output protection is not included. This high fre-. 
quency performance is mandatory for a good sample/hold, I 
which must absorb high-frequency changes in load current! 
when driving a successive-approximation A/D converter. 
Due to the lack of output protection, the output circuit will 
not tolerate an indefinite short to common, but a momentary 
short is permissible. The output should never be shorted to 
a supply. 

INSTALLATION 

(Developed Around 14-Pin Package) 

LAYOUT PRECAUTIONS 

Since the holding capacitor is connected to virtual ground at 
one end (pin 11) and to a low-impedance voltage source at 
the other (pin 7), the SHC5320 does not require the use of 
guard rings and other careful layout techniques which are 
required by many sample/hold circuits. However, normal 
good layout practice should be observed, minimizing the 
possibility of leakage paths across the holding capacitor. As 
in all digital-analog circuits, analog signal lines on the 
circuit board should cross digital signal paths at right angles 
whenever possible. 

GROUNDING AND BYPASSING 

Pin 6 (Reference Common) should be connected to the 
system analog signal common as close to the unit as pos- 
sible. Likewise, pin 13 (Supply Common) should be con- 
nected to the system supply common. If the system design 
prevents running these two common lines separately, they 
should be connected together close to the unit, preferably to 
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a large ground plane surrounding the sample/hold. Bypass 
capacitors (0.0 lpF to 0.1 pF ceramic in parallel with lpF to 
lOpF tantalum) should be connected from each power sup- 
ply terminal of the device to pin 13 (Supply Common). 

OFFSET ADJUSTMENT 

Offset adjustment capability may be achieved by connecting 
a 10kO, 10-tum potentiometer as illustrated in Figure 3. 



3 






II 


■ 

SHC5320 


-V C c- < 





FIGURE 3. Connection of Offset Adjustment Potentiometer. 


NONINVERTING MODE 

The most common application of the SHC5320 will utilize 
the connection illustrated in Figure 4. In this mode of 
operation, the sample/hold will operate as a unity-gain 
noninverting amplifier when in the Sample mode, and the 
output signal will track the input. The high bandwidth of the 
SHC5320 and the large open-loop gain assure that gain error 
will be minimized. 



FIGURE 4. Noninverting Unity-Gain Connections. 


When sampling lower-amplitude signals, the SHC5320 may 
also be connected as a noninverting amplifier with gain, as 
illustrated in Figure 5. In this circuit the gain of the amplifier 
is equal to -R 2 /R t when sampling. 

The Burr-Brown SHC5320 uses current sources to bias the 
internal amplifiers. This means that the bias of the amplifiers 
is not dependent on the common-mode voltage of the input 
signal. This makes the spurious free dynamic range in the 
non-inverting mode equal that of the inverting mode. 



FIGURE 5. Noninverting Configuration with Gain = 1 + 

r 2 /r,. 



FIGURE 6. Inverting Configuration with Gain = -(R 2 /Rj). 


INVERTING MODE 

Unlike most sample/holds, the SHC5320 may also be con- 
nected to act as an inverting amplifier, as shown in Figure 6. 
For this configuration, the gain is equal to -R 2 /R r 

INPUT OVERLOAD PROTECTION 

It is possible that the input transconductance amplifier of the 
SHC5320 will saturate when the unit is in the Hold mode, 
due to a non-zero differential signal appearing between pins 
1 and 2. This differential signal may be the result of a rapidly 
changing input signal or application of a new channel from 
an input multiplexer. When the input buffer is saturated in 
this fashion, acquisition time may be degraded because of 
the time required for the buffer to recover from saturation. In 
addition, the input buffer, which is designed to provide large 
amounts of charging current to the output integrator, may 
draw large amounts of supply current which may exceed 
40mA peak in some applications. For these reasons, it is 
desirable to limit the differential voltage which may appear 
at the summing junction of the input buffer. Figures 7 and 8 
illustrate possible methods of providing this voltage limita- 
tion for the inverting and noninverting configurations. The 
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diodes may be Schottky diodes, which will provide the 
fastest clamping action and lowest clamping voltage, but 
fast signal diodes such as IN914 will also work in most 
applications. In each configuration the value of should be 
large enough to avoid excessive loading of the input signal 
source. Similarly, R 2 should have a value of 2k £2 or greater 
to insure sufficient load current capability from the sample/ 
hold. If the value of R 2 becomes too large, however, the 
added capacitance of the diodes may change the sample/hold 
phase response enough to cause oscillation. 



FIGURE 7. Input Overload Protection — Inverting Configu- 
ration. 



FIGURE 8. Input Overload Protection — Noninverting Con- 
figuration. 


APPLICATIONS 

(Developed Around 14-Pin Package) 

SIGNAL DIGITIZATION 

Sample/hold amplifiers are normally used to hold input 
voltages to an A/D converter constant during conversion. 
Digitizing errors result if the analog signal being digitized 
varies excessively during conversion. 

For example, the Burr-Brown ADC80MAH-12 is a 12-bit 
successive-approximation converter with a 25 (is conversion 
time. To insure the accuracy of the output data, the analog 
input signal to the A/D converter must not change more than 
1/2LSB during conversion. 

The maximum rate of change of a sine wave of frequency, 
f, is dv/dt (max) = 27tAf(V/s). If one allows a 1/2LSB change 
(2.44mV) for a ±10V input swing to the A/D converter, the 
allowable input rate-of-change limit would be 2.44mV/25|is 
= 0.0976mV/ps. Thus the sampled sinusoidal signal fre- 
quency limit is 

f = (0.0976 x 10 3 )/2 tiA = 15.5/A (Hz), 
where A is the peak amplitude of the sine wave. For a ±10V 


sine wave, this corresponds to a frequency of 1.6Hz, hardly 
acceptable for the majority of sampled data systems. 

However, a sample/hold in front of the A/D converter 
“freezes” the converter’s input signal whenever it is neces- 
sary to make a conversion. The rate-of-change limitation 
calculated above no longer exists. If a sample/hold has 
acquired an input signal and is tracking it, the sample/hold 
can be commanded to hold it at any instant in time. There is 
a short delay (aperture delay) between the time the hold 
command is asserted and the time the circuit actually holds. 
The hold command signal can usually be advanced in time 
(or delayed, in the case of negative effective aperture delay) 
to cause the amplifier to hold the signal actually desired. 

Aperture uncertainty (also called aperture jitter) is also a key 
consideration. For the SHC5320 there is a 300ps period 
during which the signal should not change more than the 
amount allowed for aperture uncertainty in the system error 
budget, perhaps 1/2LSB for a 12-bit system. For a +10V 
input range (1/2LSB = 2.44mV), the input signal rate of 
change limitation is 2.44mV/0.3ns = 8.13mV/ns. The equiva- 
lent input sine wave frequency is 

f = 8.13 X 10 6 /2 tcA = 1.29/A (MHz), 
a factor of almost 84,000 higher than using the A/D alone. 

However, there are other considerations. The resampling 
rate of an ADC80/SHC5320 combination is 26.5ps (25ps 
A/D) conversion time plus 1.5ps S/H acquisition time).| 
Sampling a sine wave at the Nyquist rate, this permits al 
maximum input signal frequency of 37.7kHz. The abovel 
analysis assumes that the droop rate of the sample/hold is 
negligible — less than 1/2LSB during the conversion time — 
and that the large signal bandwidth response of the sample/ 
hold causes negligible waveform distortion. Both of these 
assumptions are valid for the SHC5320 in this application. 

DATA ACQUISITION 

The SHC5320 may be used to hold data for analog-to-digital 
conversion or may be used to provide pulse-amplitude 
modulation (PAM) data output (see Figures 9 and 10). 


A/D 

Converter 



(Burr-Brown MPC Series) 


FIGURE 9. Typical Data Acquisition Configuration. 
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DATA DISTRIBUTION 

The SHC5320 may be used to hold the output of a digital- 
to-analog converter and distribute several different analog 
voltages to different loads (see Figure 11). 


HIGH-SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data acqui- 
sition system is usually considered to be the acquisition time 
of the sample/hold plus the conversion time of the A/D 
converter. If two or more sample/holds are used with a 
multiplexer (such as the Burr-Brown MPC800 or MPC801) 
as shown in Figure 12, the acquisition time of the sample/ 
hold can be virtually eliminated. While the first channel is in 
hold and switched into the A J D converter, the multiplexer 
may be addressed to the next channel. The second sample/ 
hold will have acquired this signal by the time the conver- 
sion is complete. Then, the sample/holds reverse roles and 
another channel is addressed. In low level systems an instru- 
mentation amplifier (such as the Burr-Brown INA101) and 
a differential multiplexer (such as the Burr-Brown MPC509A 
or MPC507A) may be required in front of the sample/hold. 
The settling and acquisition times of the multiplexer, instru- 
mentation amplifier, and sample/hold can be eliminated 
from the total conversion time as before by operating in this 
overlapped mode with the sample/holds. 


Parallel 

Inputs 


c=d d/a 


Converter 


> 


JT 


Analog 
Outputs 
Channel 1 


Channel 2 


Additional SHC5320 Units 


Digital 

Inputs 




SHC5320 


Mode 

Control 

Logic 


Signal 

Common 


Channel N 


FIGURE 11. Typical Data Distribution Configuration. 
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FIGURE 12. Typical Overlapped Sample/Hold Configuration. 
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7 Voltage-to-Frequency Converters 


Voltage-to-frequency converters provide a simple, 
low-cost alternative to A/D converters. The fre- 
quency output is easily isolated, transmitted or 
recorded. It can be interfaced to many commonly 
used micro-controllers and processors through 
counter input ports or counter/timer peripheral 
ICs. 

The voltage-to-frequency converters’ integrating 
input properties make them ideal for high noise 
industrial environments. Connected in frequency- 
to-voltage mode, they are useful for tachometer 
and rate control circuitry, motor control and te- 
lemetry. 

Choose from a variety of popular devices, includ- 
ing: 

VFC32 — Low cost V/F converter operates up to 
500kHz. 


VFC320 — Operates up to 1MHz full-scale with 
improved accuracy for high performance A/D con- 
version. 

VFC100, VFC101 — Synchronized V/F converter 
up to 2MHz full-scale frequency is precisely de- 
termined by your system clock frequency. Excel- 
lent for A/D conversion. 

VFC121 — Operates from a single 4.5V to 36V 
power supply. Full-scale output frequency up to 
1.5MHz. 

VFC110 — High performance V/F converter oper- 
ates to 4MHz with low frequency jitter. 

Other models provide special features and perfor- 
mance. Use our selection guide below to locate the 
V/F converter for your application. 


VOLTAGE-TO-FREQUENCY CONVERTERS Boldface = NE^ 


Description 

Model 

Frequency 

Range 

(kHz) 

v IN 

Range 

(V) 

Linearity, 

max 

(% of FSR) 

Tempco, 
max (ppm of 
FSR/°C) 

Temp 

Range (1) 

Pkg 

Page 

No. 

Low-Cost 

Monolithic 

VFC32 

User- 
selected 
500kHz, max 

User- 

selected 

±0.01 at 10kHz 
±0.05 at 100kHz 

75 typ 
±100 

Com 
Ind, Mil 

DIP, SOIC 

TO- 100, 

7.2 

Low-Cost 

VFC42 

Oto 10 

Oto +10 

±0.01 

±100 

Ind 

DIP 

A 

Complete 

VFC52 

Oto 100 

0 to +10 

±0.05 

±150 

Ind 

DIP 

A 

Precision 

VFC62 

User- 

User- 

±0.002 at 10kHz 

±20 

Ind 

DIP, TO-100 

A 

Monolithic 

VFC320 

selected 

1 MHz max 

selected 

±0.002 at 10kHz 

±20 

Ind, Mil 

DIP, TO-100 

7.50 

Synochronized 

Monolithic 

VFC100 

Clock- 

Programmed 
2MHz max 

Oto +10 

0.1 at 1MHz 

±50 

Ind, Mil 

DIP 

7.9 


VFC101 

Clock- 

Programmed, 
2MHz max 

Oto +10, 

0 to +5, 

0 to +8, 

-5 to +5 

±0.02 at 100kHz 

±40 

Ind 

PLCC 

7.24 

High- 

Performance 

VFC110 

User- 

selected 

4MHz max 

Oto +10 

±0.05 at 1MHz 

±50 

Ind 

DIP 

7.34 

Single Supply, 
Low Power 

VFC121 

User- 
selected 
1.5MHz max 

User- 

selected 

±0.03 at 100kHz 

±40 

Ind 

DIP 

7.42 

NOTE: (1) Com 

ii 

o 

6 

o 

+ 

'•J 

o 

p 

Ind = -25°C to +85°C. 







“A” indicates a product that is not included in the 1995 Data Books — contact factory for data sheet. 
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VOLTAGE-TO-FREQUENCY CONVERTERS 
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Voltage-to-Frequency 
and Frequency-to-Voltage 
CONVERTER 


FEATURES 

• OPERATION UP TO 500kHz 

• EXCELLENT LINEARITY 
±0.01% max at 10kHz FS 
±0.05% max at 100kHz FS 

• V/F OR F/V CONVERSION 

• MONOTONIC 

• VOLTAGE OR CURRENT INPUT 


APPLICATIONS 

• INTEGRATING A/D CONVERTER 

• SERIAL FREQUENCY OUTPUT 

• ISOLATED DATA TRANSMISSION 

• FM ANALOG SIGNAL MOD/DEMOD 

• MOTOR SPEED CONTROL 

• TACHOMETER 


DESCRIPTION 

The VFC32 voltage-to-frequency converter provides 
an output frequency accurately proportional to its 
input voltage. The digital open-collector frequency 
output is compatible with all common logic families. 
Its integrating input characteristics give the VFC32 
excellent noise immunity and low nonlinearity. 

Full-scale output frequency is determined by an exter- 
nal capacitor and resistor and can be scaled over a 
wide range. The VFC32 can also be configured as a 
frequency-to-voltage converter. 

The VFC32 is available in 14-pin plastic DIP, SO- 14 
surface-mount, and metal TO- 100 packages. Commer- 
cial, industrial, and military temperature range models 
are available. 


Comparator 
Input +V C( 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 


7.2 


PDS-372F 







Or, Call Customer Service at 1-800-548-6132 (USA Only) 

SPECIFICATIONS 


At T a = +25°C and V cc = ±15V, unless otherwise noted. 




VFC32KP, KU 

VFC32BM 

VFC32SM 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT (V/F CONVERTER) 

Voltage Range* 1 ' 

Four = V IN /7.5 R, C, 











Positive Input 


>0 


+0.25mA 

* 


* 

* 


* 

V 





xR, 








Negative Input 


>0 


-10 

* 



* 


* 

V 

Current Range* 1 ' 

Bias Current 


>0 


+0.25 







mA 

Inverting Input 



20 

100 


* 

* 


* 

* 

nA 

Noninverting Input 



100 

250 


* 

* 



* 

nA 

Offset Voltage* 2 ' 



1 

4 





* 

* 

mV 

Differential Impedance 
Common-mode 


300 || 10 

650 || 10 








kfi || pF 

Impedance 


300 || 3 

500 || 3 


* 

* 


* 

* 


MQ || pF 

INPUT (F/V CONVERTER) 

Impedance 

V 0 u T = 7.5 R, C, F in 

50 || 10 

150 || 10 


* 

* 


* 

. 


kQ || pF 

Logic “1” 



+1.0 


* 


* 

* 


* 

V 

Logic “0” 



-0.05 


* 


* 

* 


* 

V 

Pulse-width Range 


0.1 


1 50k/F MAX 

* 


* 

* 


* 

ps 

ACCURACY 

Linearity Error* 3 ' 

0.01Hz < Oper 

Freq < 10kHz 

0.1Hz < Oper 


±0.005 

±0.01 0< 4 > 


* 

* 



* 

% of FSR* 5 ' 


Freq < 100kHz 


±0.025 

±0.05 


* 

* 



* 

% of FSR 


0.5Hz < Oper 

Freq < 500kHz 


±0.05 



. 





% of FSR 

Offset Error Input 












Offset Votlage* 2 ' 



1 

4 


* 

* 


* 

* 

mV 

Offset Drift* 6 ' 



±3 



* 



* 


ppm of FSR/°C 

Gain Error* 2 ' 



5 



* 



* 


% of FSR 

Gain Drift* 6 ' 

f = 10kHz 


±75 



±50 

±100 


±70 

±150 

ppm/°C 

Full Scale Drift 

f = 10kHz 


±75 



±50 

±100 


±70 

±150 

ppm of FSR/°C 

(offset drift and 
gain drift)* 6 - 7 > 












Power Supply 

f = DC, ±V CC = 12VDC 











Sensitivity 

to 18VDC 



±0.015 



* 



* 

% of FSR/% 

OUTPUT (V/F CONVERTE 

l) (open collector output) 











Voltage, Logic “0” 

Leakage Current, 

'sink = 8mA 

0 

0.2 

0.4 

* 

* 

* 

* 

* 

* 

V 

Logic “1” 

V 0 = 15V 


0.01 

1.0 


* 

* 


* 

* 

pA 

Voltage, Logic “1” 

External Pull-up Resistor 
Required (see Figure 4) 



Vpu 



* 




V 

Pulse Width 

For Best Linearity 


0-25/F MAX 



* 



* 


s 

Fall Time 

l 0UT = 5mA, C L0AD = 500pF 



400 



* 



* 

ns 

OUTPUT (F/V CONVERTE 

*)V 0UT 











Voltage 

l 0 < 7mA 

0 to +10 



* 



* 



V 

Current 

V 0 < 7VDC 

+10 



* 



* 



mA 

Impedance 

Closed Loop 



1 



* 



* 

Q 

Capacitive Load 

Without Oscillation 



100 



* 



* 

pF 

DYNAMIC RESPONSE 

Full Scale Frequency 




500* 8 ' 

* 



* 



kHz 

Dynamic Range 

Settling Time 

(V/F) to Specified Linearity 
for a Full Scale Input Step 

6 

(9) 



* 



* 


decades 

Overload Recovery 

< 50% Overload 


(9) 



* 



* 



POWER SUPPLY 

Rated Voltage 



±15 








V 

Voltage Range 


±11 


±20 





* 


V 

Quiescent Current 



±5.5 

±6.0 


* 

* 


* 


mA 

TEMPERATURE RANGE 

Specification 


0 


+70 

-25 


+85 

-55 


+125 

°C 

Operating 


-25 


+85 

-55 


+125 

-55 


+125 

°C 

Storage 


-25 


+85 

-65 

: 

+150 

-65 


+150 

°C 


* Specification the same as VFC32KP. 

NOTES: (1) A 25% duty cycle (0.25mA input current) is recommended for best linearity. (2) Adjustable to zero. See Offset and Gain Adjustment section. (3) Linearity error is specified 
at any operating frequency from the straight line intersecting 90% of full scale frequency and 0.1% of full scale frequency. See Discussion of Specifications section. Above 200kHz, 
it is recommended all grades be operated below +85°C. (4) ±0.01 5% of FSR for negative inputs shown in Figure 5. Positive inputs are shown in Figure 1 . (5) FSR = Full Scale Range 
(corresponds to full scale frequency and full scale input voltage). (6) Exclusive of external components’ drift. (7) Positive drift is defined to be increasing frequency with increasing 
temperature. (8) For operations above 200kHz up to 500kHz, see Discussion of Specifications and Installation and Operation sections. (9) One pulse of new frequency plus Ips. 
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VOLTAGE-TO-FREQUENCY CONVERTERS D VFC32 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ± 22 V 

Output Sink Current (F 0UT ) » 50mA 

Output Current (V OUT ) +20mA 

Input Voltage, -Input ±Supply 

Input Voltage, +lnput ±Supply 

Comparator Input ±Supply 

Storage Temperature Range: 

i VFC32BM, SM -65°C to +150°C I 

VFC32KP, KU -25°C to +85°C 


PACKAGE INFORMATIONS 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

VFC32KP 

14-Pin Plastic DIP 

010 

VFC32BM 

TO-100 Metal 

007 

VFC32SM 

TO-100 Metal 

007 

VFC32KU 

SO-14SOIC 

235 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

VFC32KP 

14-Pin Plastic DIP 

0°C to 70°C 

VFC32BM 

TO-100 Metal 

-25°C to +85°C 

VFC32SM 

TO-100 Metal 

-55°C to +125°C 

VFC32KU 

SO- 14 SOIC 

0°C to +70°C 


PIN CONFIGURATIONS 


M Package 

(TO- 100) 


1 / \ 10 ji 

[input Ampj 


-V cc (Case) (3J 1 Switch shot K . + lT~| ( 8 ) Common 


One-Shot ( 4 
Capacitor 


7 J Comparator 
^ Input 


NC = no internal connection 
External connection permitted. 


One-Shot I g 
Capacitor I 


P Package 
U Package 

(Epoxy Dual-in-line) 



Comparator 
I Input 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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Full Scale Temp Drift (ppm of FSR/°C) Typical Linearity Error (% of FSR) 
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TYPICAL PERFORMANCE CURVES 

At T a = +25°C and V cc = ±15V, unless otherwise noted. 


LINEARITY ERROR vs FULL SCALE FREQUENCY 



LINEARITY ERROR vs OPERATING FREQUENCY 



— 

— 

FULLS 

— 

DALE = 

— 

10kH 

T a =h 

Z, 25°/ 
-25°C 

— 

Duty 

— 

Cycle 

— 



















" 















0 Ik 2k 3k 4k 5k 6k 7k 8k 9k 10k 


Full Scale Frequency (Hz) 


Operating Frequency (Hz) 


FULL SCALE DRIFT vs FULL SCALE FREQUENCY 



Ik 10k 100k 1 M 


Full Scale Frequency (Hz) 


mm 
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VOLTAGE-TO-FREQUENCY CONVERTERS D VFC32 
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APPLICATION INFORMATION 

Figure 1 shows the basic connection diagram for frequency- 
to-voltage conversion. sets the input voltage range. For a 
10V full-scale input, a 40kQ input resistor is recommended. 
Other input voltage ranges can be achieved by changing the 
value of Rj. 

R - V FS 

1 0.25mA 

R, should be a metal film type for good stability. Manufac- 
turing tolerances can produce approximately ±10% variation 
in output frequency. Full-scale output frequency can be 
trimmed by adjusting the value of — see Figure 3. 

The full-scale output frequency is determined by C v Values 
shown in Figure 1 are for a full-scale output frequency of 
10kHz. Values for other full-scale frequencies can be read 
from Figure 2. Any variation in C, — tolerance, temperature 
drift, aging — directly affect the output frequency. Ceramic 
NPO or silver-mica types are a good choice. 

For full-scale frequencies above 200kHz, use larger capaci- 
tor values as indicated in Figure 2, with Rj = 20k£X 

The value of the integrating capacitor, C 2 , does not directly 
influence the output frequency, but its value must be chosen 
within certain bounds. Values chosen from Figure 2 produce 


approximately 2.5Vp-p integrator voltage waveform. If C 2 ’s 
value is made too low, the integrator output voltage can 
exceed its linear output swing, resulting in a nonlinear 
response. Using C 2 values larger than shown in Figure 2 is 
acceptable. 

Accuracy or temperature stability of C 2 is not critical be- 
cause its value does not directly affect the output frequency. 
For best linearity, however, C 2 should have low leakage and 
low dielectric absorption. Polycarbonate and other film 
capacitors are generally excellent. Many ceramic types are 
adequate, but some low-voltage ceramic capacitor types 
may degrade nonlinearity. Electrolytic types are not recom- 
mended. 

FREQUENCY OUTPUT PIN 

The frequency output terminal is an open-collector logic 
output. A pull-up resistor is usually connected to a 5V logic 
supply to create standard logic-level pulses. It can, however, 
be connected to any power supply up to +V CC . Output pulses 
have a constant duration and positive-going during the one- 
shot period. Current flowing in the open-collector output 
transistor returns through the Common terminal. This termi- 
nal should be connected to logic ground. 






Or, Call Customer Service at 1-800-548-6132 (USA Only) 


FREQUENCY-TO-VOLTAGE CONVERSION 


PRINCIPLES OF OPERATION 


Figure 4 shows the VFC32 connected as a frequency-to- 
voltage converter. The capacitive-coupled input network C 3 , 
R 6 and R 7 allow standard 5V logic levels to trigger the 
comparator input. The comparator triggers the one-shot on 
the falling edge of the frequency input pulses. Threshold 
voltage of the comparator is approximately -0.7V. For 
frequency input waveforms less than 5V logic levels, the 
R 6 /R 7 voltage divider can be adjusted to a lower voltage to 
assure that the comparator is triggered. 

The value of is chosen from Figure 2 according to the 
full-scale input frequency. C 2 smooths the output voltage 
waveform. Larger values of C 2 reduce the ripple in the 
output voltage. Smaller values of C 2 allow the output voltage 
to settle faster in response to a change in input frequency. 
Resistor R! can be trimmed to achieve the desired output 
voltage at the full-scale input frequency. 



FIGURE 2. Capacitor Value Selection. 


The VFC32 operates on a principle of charge balance. The 
signal input current is equal to V in /Rj. This current is 
integrated by input op amp and C 2 , producing a downward 
ramping integrator output voltage. When the integrator out- 
put ramps to the threshold of the comparator, the one-shot is 
triggered. The 1mA reference current is switched to the 
integrator input during the one-shot period, causing the 
integrator output ramp upward. After the one-shot period, 
the integrator again ramps downward. 

The oscillation process forces a long-term balance of charge 
(or average current) between the input signal current and the 
reference current. The equation for charge balance is: 

IlN = I R( AVERAGE) (2) 

^JH- = fotos(lmA) (3) 

K 1 

Where: 

f Q is the output frequency 

t os is the one-shot period, equal to 

t os = 7500 C l (Farads) (4) 

The values suggested for Rj and C, are chosen to produce a 
25% duty cycle at full-scale frequency output. For full-scale 
frequencies above 200kHz, the recommended values pro- 
duce a 50% duty cycle. 



FIGURE 3. Gain and Offset Voltage Trim Circuit. 
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VOLTAGE-TO-FREQUENCY CONVERTERS D VFC32 
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Nonlinearity may be higher than 
specified due to common-mode 
voltage on op amp input. 


13 10 12 


If c, 

~p 650pF 



Pinout shown is 
for DIP or SOIC 
package. 


FIGURE 5. V/F Converter — Negative Input Voltage. 
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Synchronized 

VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES DESCRIPTION 


• FULL-SCALE FREQUENCY SET BY 
SYSTEM CLOCK; NO CRITICAL 
EXTERNAL COMPONENTS REQUIRED 

• PRECISION 10V FULL-SCALE INPUT, 
0.5% max GAIN ERROR 

• ACCURATE 5V REFERENCE VOLTAGE 

• EXCELLENT LINEARITY: 

0.02% max at 100kHz FS 
0.1% max at 1MHz FS 

• VERY LOW GAIN DRIFT: 50ppm/°C 


The VFC100 voltage-to-frequency converter is an 
important advance in VFCs. The well-proven charge 
balance technique is used; however, the critical reset 
integration period is derived from an external clock 
frequency. The external clock accurately sets an out- 
put full-scale frequency, eliminating error and drift 
from the external timing components required for 
other VFCs. A precision input resistor is provided 
which accurately sets a 10V full-scale input voltage. 
In many applications the required accuracy can be 
achieved without external adjustment. 


APPLICATIONS 

• A/D CONVERSION 

• PROCESS CONTROL 

• DATA ACQUISITION 

• VOLTAGE ISOLATION 


The open collector active-low output provides fast fall 
time on the important leading edge of output pulses, 
and interfaces easily with TTL and CMOS circuitry. 
An output one-shot circuit is particularly uesful to 
provide optimum output pulse widths for optical cou- 
plers and transformers to achieve voltage isolation. An 
accurate 5V reference is also provided which is useful 
for applications such as offsetting for bipolar input 
voltages, exciting bridges and sensors, and autocali- 
bration schemes. 


- Comparator Clock 



Analog + Comparator V REF C os -V ( 

Common Input 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and ±15VDC supplies unless otherwise noted. 




VFC100AG 

VFC100BG 


PARAMETER 

CONDITIONS 


TYP 



TYP 


UNITS 

TRANSFER FUNCTION 
Voltage-to-Frequency Mode 

Wr = fcLOCK x (V| N /20V) 








Gain Error* 1 ) 

FSR = 100kHz 


±0.5 

±1 


±0.2 

±0.5 

% of FSR* 4 ) 

Linearity Error 

FSR = 100kHz, Over Temperature 


±0.01 

±0.025 


* 

±0.02 

% of FSR 


FSR = 500kHz, C os = 60pF 


±0.015 



* 

±0.05 

% of FSR 


FSR = 1MHz, C os = 60pF 


±0.025 



* 

±0.1 

% of FSR 

Gain Drift* 2 ) 

FSR = 100kHz 


±70 

±100 


±30 

±50 

ppm of FSR/°C 

Referred to Internal V REF 



±70 

±100 


±30 

±50 

ppm of FSR/°C 

Offset Referred to Input 



±1 

±3 


±1 

±2 

mV 

Offset Drift 



±12 

±100 


±6.5 

±25 

pV/°C 

Power Supply Rejection 

Full Supply Range 



0.01 



* 

%/V 

Response Time 

To Step Input Change 

One Period of New Output Frequency Plus One Clock Period 


Current-to-Frequency Mode 

Gain Error 

fouT = fcLOCK x (Iin/ 1 mA) 


±0.5 

±1 


±0.2 

±0.5 

% of FSR 

Gain Drift* 2 ) 

Frequency-to-Voltage Mode* 3 ) 

V OUT = 20 v x (W* clock) 


±120 

±200 


±80 

±140 

ppm of FSR/°C 

Gain Accuracy* 1 ) 

FSR = 100kHz 


±0.5 

±1 


±0.2 

±0.5 

% 

Linearity 

Input Resistor (R, N ) 

FSR = 100kHz 


±0.01 

±0.025 



±0.02 

% 

Resistance 


19.8 

20 

20.2 

* 

* 

* 

k£t 

Temperature Coefficient (T c )* 2 > 



±50 

±100 


* 

* 

ppm°C 

INTEGRATOR OP AMP 

V os (1) 



±150 

±1000 


. 

* 

ftV 

V 0 s Drift 



±5 



* 


pV/°C 

•b 



±50 

±100 


±25 

±50 

nA 

•os 



100 

200 


50 

100 

nA 

a ol 

Z LO ad * 5kft/10,000pF 

100 

120 


* 

* 


dB 

CMRR 


80 

105 


* 

* 


dBV 

CM Range 


-7.5 


+0.1 

* 


* 

V 

V 0UT Range 

Zload = 5k£2/10,000pF 

-0.2 


+12 


* 

* 

V 

Bandwidth 



14 



* 


MHz 

COMPARATOR INPUTS 

Input Current (Operating) 

-1 1 V < V C0MPARAT0R < +V CC - 2V 



5 



* 

pA 

CLOCK INPUT 

(Referred to Digital Common) 

Frequency (Maximum Operating) 



4 



* 


MHz 

Threshold Voltage 



1.4 



* 


V 


Over Temperature 

0.8 


2 

* 


* 

V 

Voltage Range (Operating) 


-V cc + 2V 


+v cc 

* 


* 

V 

Input Current 

-Vqc < Vclock < +Vcc 


0.5 

5 


* 

* 

pA 

Rise Time 




2 



* 

ps 

OPEN COLLECTOR OUTPUT 
(Referred to Digital Common) 

V 0 L 

l 0UT = 10mA 



0.4 



* 

V 

•oL 




15 



* 

mA 

l OH (Off Leakage) 

Delay Time, Positive Clock 

V 0H = 30V 


0.01 

10 




pA 

Edge to Output Pulse 



300 



* 


ns 

Fall Time 



100 



* 


ns 

Output Capacitance 



5 



* 


PF 

OUTPUT ONE-SHOT Nominal PW 0UT = (5ns/pF) x C os - 90ns 







Pulse Width Out 

C 0 s = 300pF 

1 

1.4 

2 

* 

* 

* 

ps 

REFERENCE VOLTAGE 

Accuracy 

No Load 

4.9 

5 

5.1 

4.95 

* 

5.05 

V 

Drift* 2 ) 



±60 

±150 


±40 

±100 

ppm/°C 

Current Output 

Sourcing Capability 

10 




* 


mA 

Power Supply Rejection 




0.015 



0.015 

%/V 

Output Impedance 



0.5 

2 




n 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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ELECTRICAL (CONT) 

At T A = +25°C and +15VDC supplies unless otherwise noted. 




VFC100AG 

VFC100BG 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY 

Rated Voltage 

Operating Voltage Range 



±15 



* 


V 

(See Figure 9) 

+v cc 

+7.5 


+28.5 

* 


* 

V 


-Vcc 

-7.5 


-28.5 

* 


* 

V 

Total Supply 

+Vcc ~ (“Vcc) 

15 


36 

* 


* 

V 

Digital Common 


-Vcc + 2 


+V C c ~ 4 

* 


* 

V 

Quiescent Current: +l cc 

Over Temperature 


10.6 

15 


* 

* 

mA 

_l cc 



9.6 

15 


* 

* 

mA 

TEMPERATURE RANGE 

Specification 


-25 


+85 

* 


* 

°C 

Storage 


-65 


+150 

* 


* 

°C 

3ja 



150 



* 


°c/w 

3jc 



100 



* 


°c/w 


* Specification same as AG grade. 

NOTES: (1 ) Offset and gain error can be trimmed to zero. See text. (2) Specified by the box method: (max. - min.) + (FSR x AT). (3) Refer to detailed timing diagram 
in Figure 16 for frequency input signal timing requirements. (4) FSR = Full Scale Range. 


DICE INFORMATION 



VFC100 DIE TOPOGRAPHY 


PAD 

FUNCTION 

PAD 

FUNCTION 

1 

+ Vcc 

9 

^OS 

2 

NC 

10 

Clock Input 

3 

NC 

11 

f(DUT 

4 

Integrator Out 

12 

Digital Common 

5 

C|NT 

13 

Analog Common 

6 

Noninverting In 

14 

-Comparator In 

7 

V 1N 

15 

+Comparator In 

8 

-V cc 

16 

Vref 


NC: No Connection 

Substrate Bias: Electrically connected to -V supply. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 
Min. Pad Size 

141 x 1 07 ±5 

20 ±3 

4x4 

3.58x2.72 ±0.13 
0.51 ±0.08 

0.1 x 0.1 

Backing Gold J 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

VFC100AG 

16-Pin Ceramic DIP 

129 

VFC100BG 

16-Pin Ceramic DIP 

129 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 


Power Supply Voltage (+V CC to -V cc ) 36V 

+V CC to Analog Common 28V 

-V cc to Analog Common 28V 

Integrator Out Short-Circuit to Ground Indefinite 

Integrator Differential Input ±10V 

Integrator Common-Mode Input -V cc +5V to +2V 

Vin (pin 7) ±V CC 

Clock Input ±V CC 

V REF Out Short-Circuit to Ground Indefinite 

Pin 9 (C os ) 0 to +V CC 

f 0 uT (referred to digital common) -0.5V to 36V 

Digital Common ±V CC 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10s) 300°C 



TYPICAL PERFORMANCE CURVES 


At +25°C, ±V CC = 15VDC, and in circuit of Figure 1. 


QUIESCENT CURRENT vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 


Ambient Temperature (°C) 


THEORY OF OPERATION 

The VFC100 monolithic voltage-to-frequency converter pro- 
vides a digital pulse train output with an average frequency 
proportional to the analog input voltage. The output is an 
active low pulse of constant duration, with a repetition rate 
determined by the input voltage. Falling edges of the output 
pulses are synchronized with rising edges of the clock input. 

Operation is similar to a conventional charge balance YFC. 
An input operational amplifier (Figure 1) is configured as an 
integrator so that a positive input voltage causes an input 
current to flow in R IN . This forces the integrator output to 
ramp negatively. When the output of the integrator crosses 
the reference voltage (5V), the comparator trips, activating 
the clocked logic circuit. Once activated, the clocked logic 
awaits a falling edge of the clock input, followed by a rising 
edge (see Figure 2). On the rising edge, switch S 1 is closed 


REFERENCE VOLTAGE vs REFERENCE LOAD CURRENT 



0 5 10 15 20 25 30 

Output Current (mA) 


for one complete clock cycle, causing the reset current, I 2 , to 
switch to the integrator input. Since is larger than the input 
current, I IN , the output of the integrator ramps positively 
during the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the reset 
period. 

Unlike conventional VFC circuits, the VFC 100 accurately 
derives its reset period from an external clock frequency. 
This eliminates the critical timing capacitor required by 
other VFC circuits. One period (from rising edge to rising 
edge) of the clock input determines the integrator reset 
period. 

When the negative-going integration of the input signal 
crosses the comparator threshold, integration of the input 
signal will continue until the reset period can start (awaiting 
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the necessary transitions of the clock). Output pulses are 
thus made to align with rising edges of the external clock. 
This causes the instantaneous output frequency to be a 
subharmonic of the clock frequency. The average frequency, 
however, will be an accurate analog of the input voltage. 

A full scale input of 10V (or an input current of 0.5mA) 
causes a nominal output frequency equal to half the clock 
frequency. The transfer function is 

fouT = (V in /20V) 

fcLOCK- 

Figure 3 shows the transfer function graphically. Note that 
inputs above 10V (or 0.5mA) do not cause an increase in the 
output frequency. This is an easily detectable indication of 
an overrange input. In the overrange condition, the integra- 
tor amplifier will ramp to its negative output swing limit. 



FIGURE 3. Transfer Function for Voltage-to-Frequency Mode. 


BURR -BROWN® 


When the input signal returns to within the linear range, the 
integrator amplifier will recover and begin ramping upward 
during the reset period. 

INSTALLATION AND I 

OPERATING INSTRUCTIONS 

The integrator capacitor C INT (see Figure 1) affects the 
magnitude of the integrator voltage waveform. Its absolute 
accuracy is not critical since it does not affect the transfer 
function. This allows a wide range of capacitance to produce 
excellent results. Figure 4 facilitates choosing an appropriate 



FIGURE 4. Integrator Capacitor Selection Graph. 
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standard value to assure that the integrator waveform volt- 
age is within acceptable limits. Good dielectric absorption 
properties are required to achieve best linearity. Mylar®, 
polycarbonate, mica, polystyrene, Teflon® and glass types 
are appropriate choices. The choice in a given application 
will depend on the particular value and size considerations. 
Ceramic capacitors vary considerably from type to type and 
some produce significant nonlinearities. Polarized capaci- 
tors should not be used. 

Deviation from the nominal recommended +1V to -0.75V 
integrator voltage (as controlled by the integrator capacitor 
value) is permissible and will have a negligible effect on 
VFC operation. Certain situations may make deviations 
from the suggested integrator swing highly desirable. Smaller 
integrator voltages, for instance, allow more “headroom” for 
averaging noisy input signals. The VFC is a fully integrating 
input converter, able to reject large levels of interfering 
noise. This ability is limited only by the output voltage 
swing range of the integrator amplifier. By setting a small 
integrator voltage swing using a large C INX value, larger 
levels of noise can be integrated without integrator output 
saturation and loss of accuracy. For instance, with a 50kHz 
full-scale output and C INX = 0.1 pF, the circuit in Figure 1 
can accurately average an input through the full 0 to 10V 
input range with lVp-p superimposed 60Hz noise. 

The integrator output voltage should not be allowed to 
exceed +12V or -0.2V, otherwise saturation of the opera- 
tional amplifier could cause inaccuracies. Operation with 
positive power supplies less than +15V will limit the output 
swing of the integrator operational amplifier. Smaller inte- 
grator voltage waveforms may be required to avoid output 
saturation of the integrator amplifier. See “Power Supply 
Considerations” for information on low voltage operation. 

The maximum integrator voltage swing requirement is nearly 
symmetrical about the comparator threshold voltage (see 
Figure 12). One-third greater swing is required above the 
threshold than below it. Maximum demand on positive 
integrator swing occurs at low scale, while the negative 
swing is greatest just below full scale. 

CLOCK INPUT 

The clock input is TTL and CMOS-compatible. Its input 
threshold is approximately 1.4V (two diode voltage drops) 
referenced to digital ground (pin 12). The clock “high” input 
may be standard TLL or may be as high as +V CC - 2V. A 
CMOS clock should be powered from a voltage source at 
least 2V below the VFC 100’s +V CC to prevent overdriving 
the clock input. Alternatively, a resistive voltage divider 
may be used to limit the clock voltage swing to +V CC - 2V 
maximum. The clock input has a high input impedance, so 
no special drivers are required. Rise time in the transition 
region from 0.8V to 2V must be less than 2ps for proper 
operation. 

OUTPUT 

The frequency output is an open collector current-sink 
transistor. Output pulses are active low such that the output 
transistor is on only during the reset integration period (see 


“Shortened Output Pulses”). This minimizes power dissipa- 
tion over the full frequency range and provides the fastest 
logic edge at the beginning of the output pulse, where it is 
most desirable. 

Interface to a logic circuit would normally be made using a 
pull-up resistor to the logic power supply. Selection of the 
pull-up resistor should be made such that no more than 
15mA flows in the output transistor. The actual choice of the 
pull-up resistor may depend on the full-scale frequency and 
the stray capacitance on the output line. The rising edge of 
an output pulse is determined by the RC time constant of the 
pull-up resistor and the stray capacitance. Excessive capaci- 
tance will produce a rounding of the output pulse rising 
edge, which may create problems driving some logic cir- 
cuits. If long lines must be driven, a buffer or digital line 
transmitter circuit should be used. 

The synchronized nature of the VFC 100 makes viewing its 
output on an oscilloscope somewhat tricky. Since all output 
pulses align with the clock, it is best to trigger and view the 
clock on one of the input channels; the output can then be 
viewed on another oscilloscope channel. Depending on the 
VFC input voltage, the output waveform may appear as if 
the oscilloscope is not properly triggered. The output might 
best be visualized by imagining a constant output frequency 
which is locked to a submultiple of the clock frequency with 
occasional extra pulses or missing pulses to create the 
necessary average frequency. It is these extra or missing 
pulses that make the output waveform appear as if the 
oscilloscope is not properly triggered. This is normal. Ex- 
perimentation with the input voltage and oscilloscope trig- 
gering generally allows a stable view of the output and 
provides an understanding of its nature. 

SHORTENED OUTPUT PULSES 

In normal operation, the negative output pulse duration is 
equal to one period of the clock input. Shorter output pulses 
may be useful in driving optical couplers or transformers for 
voltage isolation or noise rejection. This can be accom- 
plished by connecting capacitor C 0 s as shown in Figure 5. 
Pin 9 may be connected to +V CC , deactivating the output 
one-shot circuit. The value of C os is chosen according to the 
curve in Figure 6. Output pulses cannot be made to exceed 
one clock period in duration. Thus, a C os value which would 
create an output pulse which is longer than one period of the 
clock will have the same effect as disabling the one-shot, 
causing the output pulse to last one clock period. The 
minimum practical pulse width of the one-shot circuit is 
approximately 100ns. Using C os to generate shorter output 
pulses does not affect the output frequency or the gain 
equation. 

REFERENCE VOLTAGE 

Excellent gain drift is achieved by use of a precision internal 
5V reference. This reference is brought to an external pin 
and can be used for a variety of purposes. It is used to offset 
the noninverting comparator input in voltage-to-frequency 
mode (although a precise voltage is not required for this 
function). The reference is very useful for handling bipolar 
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FIGURE 5. Circuit and Timing Diagram for Shortened Output Pulses. 



FIGURE 6. Output One-Shot Capacitor Selection. 


input signals in many other applications, such as offsetting 
the input. It can source up to 10mA and sink lOOpA. Heavy 
loading of the reference will change the gain of the VFC and 
affect the external reference voltage. For instance, a 10mA 
load interacting with a 0.50 typical output impedance will 
change the VFC gain equation and reference voltage by 0.1%. 

Figure 7 shows the reference used to offset the VFC transfer 
function, to convert a -5 V to +5 V input to 0-500kHz output. 
The circuit in Figure 8 uses the reference to excite a 3000 
bridge transducer. R { provides the majority of the current to 
the bridge while the V REF output supplies the balance and 
accurately controls the bridge voltage. The VFC gain is 
inversely proportional to the reference voltage, V^p. Since 
the bridge gain is directly proportional to its excitation 
voltage, the two equal and opposite effects cancel the effect 
of reference voltage drift on gain. 


The reference output amplifier is specifically designed for 
excellent transient response, to provide precision in a noisy 
environment. 

OTHER INPUT VOLTAGE RANGES 

The internal input resistor, R IN = 20kQ, sets a full-scalel 
input of 10V. Other input ranges can be created by using anl 
external gain set resistor connected to pin 5. Since the" 
excellent temperature drifts of the VFC 100 are achieved by 
careful matching of internal temperature coefficients, use of 
an external gain set resistor will generally degrade this drift. 
Using an external resistor to set the gain, the resulting gain 
drift would be equal to the sum of the external resistor drift 
and the specified current gain drift of the VFC 100. Different 
voltage input ranges are best implemented by using the 
internal input resistor, R IN , in series or parallel with a high 
quality external resistor, thus maintaining as much of the 
precision temperature tracking as possible. 

For best drift performance, the adjustment range of a fine 
gain trim should be made as narrow as practical. R { and R 2 
in Figure 9 allow gain adjustments over a ±1% range 
(adequate to trim the 1 00kHz FS gain error to zero) and will 
not significantly affect the drift performance of the VFC 100. 
R 3 , R 4 and R 5 allow trimming of the integrator amplifier 
input offset voltage. The adjustment range is determined by 
the ratio of R 4 to R 5 . Accurate end-point calibration would 
be performed by first adjusting the offset trim so that zero 
volts input just causes all output pulses to cease. The gain 
trim is then adjusted for the proper full-scale output fre- 
quency with an accurate full-scale input voltage. 

A different input voltage range could also be made by using 
only a portion of the normal input range of the VFC. For 
instance, a 2V full-scale input could be created by using the 
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FIGURE 7. Circuit Diagram for Bipolar Input Voltages. 



FIGURE 8. Circuit Diagram for Bridge Excitation Using V^p. 


internal input resistor and a clock frequency of 10 times the 
desired full-scale output frequency. 

LINEARITY PERFORMANCE 

The linearity of the VFC100 is specified as the worst-case 
deviation from a straight line defined by low scale and high 
scale end point measurements. This worst-case deviation is 
expressed as a percentage of the 10V full-scale input. All 
units are tested and guaranteed for the specified level of 
performance. 

Linearity performance and gain error change with full-scale 
operating frequency as shown in Figure 10. Figure 1 1 shows 
the typical shape of the nonlinearity at 100kHz full scale. 
Integrator voltage swing (determined by C INT ) has a minor 
effect on linearity. A small integrator voltage swing typi- 
cally leads to best linearity performance. 


The best linearity performance at high full-scale frequencies 
(above 500kHz) is obtained by using short output pulses 
with a one-shot capacitor of 60pF. As with any high- 
frequency circuit, careful attention to good power supply 
bypassing techniques (see “Power Supplies and Ground- 
ing”) is also required. 

TEMPERATURE DRIFT 

Conventional VFC circuits are affected significantly by 
external component temperature drift. Drift of the external 
input resistor and timing capacitor required with these de- 
vices may easily exceed the specified drift of the VFC itself. 

When used with its internal input resistor, the gain drift of 
the complete VFC 100 circuit is totally determined by the 
performance of the VFC 100. Gain drift is specified at a full- 
scale output frequency of 100kHz. Conventional VFC cir- 
cuits usually specify drift at 10kHz and degrade significantly 
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FIGURE 9. Circuit Diagram for Fine Offset and Gain Trim. 
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f FS - Full Scale Frequency (Hz) 


FIGURE 10. Typical Nonlinearity and Gain Error vs Full 
Scale Frequency. 



0 2 4 6 8 10 


V IN (V) 


FIGURE 11. Typical Nonlinearity vs V IN . (f FS = 0.1MHz) 


at higher operating frequency. The VFC 100’s gain drift 
remains excellent at higher operating frequency, typically 
remaining within specifications at f FS = 1MHz. 

Drift of the external clock frequency directly affects the 
output frequency, but by using a common clock for the VFC 
and counting circuitry, this drift can be cancelled (see 
“Counting the Output”). 

POWER SUPPLIES AND GROUNDING 

Separate analog and digital grounds are provided on the 
VFC 100 and it is important to separate these grounds to 
attain greatest accuracy. Logic sink current flowing in the 
f 0 uT pi n is returned to the digital ground. If this “noisy” 
current were allowed to flow in analog ground, errors could 
be created. Although analog and digital grounds may even- 
tually be connected together at a common point in the 
circuitry, separate circuit connections to this common point 
can reduce the error voltages created by varying currents 
flowing through the ground return impedance. The +5V 

BURR -BROWN® 


Vref pi* 1 is referenced to analog ground. 

The power supplies should be well bypassed using capaci- 
tors with low impedance at high frequency. A value of 0. lpF 
is adequate for most circuit layouts. 

The VFC 100 is specified for a nominal supply voltage of 
±15 V. Supply voltages ranging from ±7.5 V to ±18V may be 
used. Either supply can be up to 28V as long as the total of 
both does not exceed 36V. Steps must be taken, however, to 
assure that the integrator output does not exceed its linear 
range. Although the integrator output is capable of 12V 
output swing with 15V power supplies, with 7.5V supplies, 
output swing will be limited to approximately 4.5V. In this 
case, the comparator input cannot be offset by directly 
connecting to the 5V reference output pin. The comparator 
input must be connected to a lower voltage point (approxi- 
mately 2V). This allows the integrator output to operate 
around a lower voltage point, assuring linear operation. This 
threshold voltage does not affect the accuracy or drift of the 
VFC as long as it is not noisy. It should not be made too 
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small, however, or the negative output limitation of the 
integrator (-0.2V) may cause saturation. Additionally, a 
large integrator capacitor may be used to limit the required 
integrator waveform swing to approximately lOOmV (see 
“Integrator Capacitor”). 

Figure 12 shows a circuit for operating from the minimum 
power supplies, avoiding saturation of the integrator ampli- 
fier and loss of accuracy. C INT is chosen for a + lOOmV to 
-75mV integrator voltage swing (referred to the noninverting 
comparator input). The offset voltage applied to the 
comparator’s noninverting input is derived from a resistive 
voltage divider from V^p. 

The relationship of the allowable operating voltage ranges 
on important pins is show in Figure 13. Note that the 
integrator amplifier output cannot swing more than 0.2V 
below ground. Although this is not “normal” for an opera- 
tional amplifier, a special internal design of this type opti- 
mizes high frequency performance. It is this characteristic 
which necessitates the offsetting of the noninverting com- 
parator input in voltage-to-frequency mode to avoid nega- 
tive output swing. 

COUNTING THE OUTPUT 

In evaluation and use of the VFC100, you may want to 
measure the output frequency with a frequency counter. 
Since synchronization of the VFC100 causes it to await a 
clock edge for any given output pulse, the output frequency 
is essentially quantized. The quantized steps are equal to one 


clock period of the counting gate period. The quantizing 
error can be made arbitrarily small by counting with long 
gate times. For instance, a one-second counter gate period 
with a 100kHz full-scale frequency has a resolution of one 
part in 100,000. Many of the more sophisticated laboratory 
frequency counters, however, use period measurement 
schemes to count the input frequency quickly. These instru- 
ments work equally well, but the gate period must be set 
appropriately to achieve the desired count resolution. Short 
gate periods will produce many digits of “accuracy” in the 
display, but the results may be very inaccurate. 

Figure 14 is a typical system application showing a basic 
counting technique. A 0 to 10V input is converted to a 0 to 
100kHz frequency output. The VFC’s clock is divided by M 
= 4000 to produce a gate period for the counter circuit. The 
resulting VFC count, N, is insensitive to variations in the 
actual clock frequency. The input voltage represented by the 
resulting count is V IN = (N/M) 20V. 

Resolution is related to the number of counts at full scale, or 
half the number of clock pulses in the gate period. 

The integrating nature of the VFC is important in achieving 
accurate conversions. The integrating period is equal to the 
counting period. This can be used to great advantage to 
reject unwanted signals of a known frequency. Figure 15 
shows that response nulls occur at the inverse of the integra- 
tion period and its multiples. If 60Hz is to be rejected, for 
instance, the counting period should be made equal to, or a 
multiple of, 1/60 of a second. 



FIGURE 12. Circuit Diagram and Integrator Voltage Waveform Power Supply Voltage Operation. 
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FREQUENCY-TO-VOLTAGE MODE 

The VFCIOO can also function as a frequency-to- voltage 
converter by supplying an input frequency to the comparator 
input as shown in Figure 16. The input resistor, R IN , is 
connected as a feedback resistor. The voltage at the integra- 
tor amp output is proportional to the ratio of the input 
frequency to the clock frequency. The transfer function is 
Vout = (Fin^clock) 20V. 

This transfer function is complementary to the voltage-to- 
frequency mode transfer function, making voltage-to-fre- 
quency-to-voltage conversions simple and accurate. 


Direct coupling of the input frequency to the comparator is 
easily accomplished by driving both comparators with 
complementary frequency input signals. Alternatively, one 
of the comparator inputs can be biased at half the logic 
voltage (using V REF and a voltage divider) and the other 
input driven directly. 

The proper timing of the input frequency waveform is 
shown in Figure 16. The input pulse should go low for one 
clock cycle, centered around a falling edge of the clock. The 
minimum acceptable input pulse width must fall no later 
than 200ns before a negative clock edge and rise no sooner 



FIGURE 13. Relationships of Allowable Voltages. 
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than 200ns after the falling clock edge. An input pulse which 
remains low for more than one falling edge of the clock will 
produce incorrect output voltages. Positive (active high) 
input pulses can be accepted by reversing the connections to 
pins 14 and 15. Figure 17 shows a digital conditioning 
circuit which will accept any input duty cycle and provide 
the proper pulse width to the comparator. Each rising edge 
at this circuit’s input generates the required negative pulse at 
the inverting comparator input. The noninverting compara- 
tor is driven by a complementary signal. 

The integrator amplifier output is designed to drive up to 
10,000pF and 5kG loads in frequency-to- voltage mode. This 
allows driving long lines in a large system. 

Ripple voltage in the voltage output is unavoidable and is 
inversely proportional to the value of the integrator capaci- 



FIGURE 15. Frequency Response of an Integrating Analog- 
to-Digital Converter. 


tor. Figure 18 shows the output ripple and settling time as a 
function of the C INX value. 

The ripple frequency is equal to the input frequency. Its 
magnitude can be reduced by using a large integrator capaci- 
tor value, but at the sacrifice of slow settling time at the 
voltage output in response to an input frequency change. The 
settling time constant is equal to R IN X C INT . A better 
compromise between output ripple and settling time can be 
achieved by using a moderately low integrator capacitor 
value and adding a low-pass filter on the analog output. The 
cutoff frequency of the filter should be made below the 
lowest expected input frequency to the frequency-to-voltage 
converter. 

The system in Figure 20 makes use of both voltage-to- 
frequency and frequency-to-voltage modes to send a signal 
across an optically isolated barrier. This technique is useful 
not only for providing safety in the presence of high volt- 
ages, but also for creating high noise rejection in electrically 
noisy environments. The use of a common clock frequency 
causes the two devices to have complementary transfer 
functions, which minimizes errors. 

Optical coupling is facilitated by use of the output one-shot 
feature. The output pulse is shortened (see “Shortened Out- 
put Pulses”) to allow for the relatively slow turn-off time of 
the LED. The timing diagram in Figure 19 shows how the 
accumulated delay of both optical couplers could produce 
too long an input pulse for the frequency-to-voltage con- 
verter, VFC 2 , of Figure 20. 

An output filter is used to reduce the ripple in the output of 
VFC 2 . In order to most effectively filter the output, both 
input and output VFCs are offset. By connecting R : to V REF , 
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FIGURE 16. Circuit and Timing Diagram of a Frequency-to- Voltage Converter. 
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4013 Dual “D” (V IN =13V max) 
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FIGURE 17. Digital Timing Input Conditioning Circuit for Frequency-to- Voltage Operation. 



FIGURE 18. Frequency-to- Voltage Mode Output Ripple and 
Settling Time vs Integrator Capacitance. 


an accurate offset is created in the voltage-to-frequency 
function. Zero volts input now creates a 10kHz output. This 
offset is subtracted in the frequency-to-voltage conversion 
on the output side, by V REF and R 5 . 

MORE PULSE POSITION RESOLUTION 

Since output pulses must always align with clock edges, the 
instantaneous output frequency is quantized and appears to 
have phase jitter. This effect can be greatly reduced by using 

BURR -BROWN® 


a high speed clock so that available clock edges come morel 
frequently. This would also create a high full-scale fre- 
quency, but the technique shown in Figure 21 offers an 
alternative. A high speed clock is used to produce high 
resolution of the output pulse position, but a low full-scale 
frequency can be programmed. 

When an output pulse is generated, the next rising edge of 
the high frequency clock is delayed for a programmable 
number of clock counts. Since the integrator reset period 
(which sets the full-scale range) is determined by the time 
from rising edge to rising edge at the VFC’s clock input once 
the comparator is tripped, the effective clock frequency is 
f clock/ 1 6- The circuit shown can be programmed for an N 
from 2 to 16. Since an output pulse must propagate through 
the VFC before the next rising edge of the clock arrives, 
maximum clock frequency is limited by the delay time 
shown in the timing diagram. 

With output pulses now able to align with greater resolution, 
the output has lower phase jitter. Using this technique, the 
output is suitable for ratiometric (period measurement) type 
counting. This counting technique achieves the maximum 
possible resolution for short gate periods (see Burr-Brown 
Application Note AN- 130). 
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FIGURE 19. Timing Diagram and Oscilloscope Trace of Isolated Voltage-to-Frequency/Frequency-to- Voltage System. 



FIGURE 20. Circuit Diagram of Isolated Voltage-to-Frequency/Frequency-to- Voltage System. 
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FIGURE 21. Circuit Diagram for Increased Pulse Position Resolution. 
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VFC101 


Synchronized 

VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES 

• FULL-SCALE FREQUENCY SET BY 
SYSTEM CLOCK 

• MULTIPLE INPUT RANGES: 

5V, 8V, 10V Full Scale 

• ACCURATE 5V REFERENCE VOLTAGE 

• LOW NONLINEARITY: 

0.02% max at 100kHz FS 

• LOW GAIN DRIFT: 40ppm/°C 

APPLICATIONS 

• INTEGRATING A/D CONVERTER 

• MULTICHANNEL DATA ACQUISITION 

• FREQUENCY-TO-VOLTAGE CONVERSION 

• VOLTAGE ISOLATION 


DESCRIPTION 

The VFC101 voltage-to-frequency converter uses the 
proven charge-balance technique with internal digital 
logic to control the critical reference integration pe- 
riod. Reference timing is derived from an external 
clock signal which accurately sets the full-scale fre- 
quency. This technique eliminates the errors and drift 
from external timing components which are required 
with other VFCs. 

Internal resistors provide accurate full-scale input 
ranges of 5V, 8V or 10V inputs without external 
resistors or trimming. An accurate 5V reference volt- 
age output is useful for bridge or sensor excitation. 
With simple pin interconnections, it can provide half- 
scale offset to allow bipolar input voltages. 

The open-collector frequency output interfaces easily 
to CMOS or TTL circuitry. Output one-shot circuitry 
may be used to optimize the output pulse width for 
optical couplers or transformers. 

The VFC101 is packaged in a surface-mount 20-pin 
PLCC (plastic leaded chip carrier) package. 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 


7.24 


PDS-779B 








Or, Call Custom Service at 1-800-548-6132 (USA Only) 

SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and ±15VDC supplies unless otherwise noted. 


PARAMETER 

CONDITIONS 

VFC101JN 

VFC101KN 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

TRANSFER FUNCTION 









Voltage-to-Frequency Mode 

foUT ~ fcLOCK (V| N /2V fs ) 








Gain Error* 1 > 

FSR* 2 ' = 100kHz 


±0.3 

±0.5 


* 

* 

% of FSR 

Linearity Error 

FSR = 100kHz, Over Temperature 


±0.01 

±0.025 


* 

±0.02 

% of FSR 


FSR = 500kHz, C os = 60pF 


±0.02 

±0.05 


* 

* 

% of FSR 


FSR = 1MHz, C os = 60pF 


±0.05 

±0.1 


* 

* 

% of FSR 

Gain Drift* 2 ' 

FSR = 100kHz 


±50 

±80 


±30 

±40 

ppm of FSR/°C 

Referred to Internal V REF 



10 

±25 


* 

±15 

ppm of FSR/°C 

Offset Referred to Input 



±1 

±3 


* 

±2 

mV 

Offset Drift 



±12 

±100 


±6.5 

±25 

pV/°C 

Power Supply Rejection 

Full Supply Range 



0.02 



0.015 

%/V 

Response Time 

To Step Input Change 

One Period of New Output Frequency Plus One Clock Period 


Frequency-to-Voltage Mode 

VoUT = ^Vpg (f||yj/f clOCk) 








Gain Accuracy* 1 ' 

FSR = 100kHz 


±0.3 

±0.5 


* 

* 

% 

Linearity Error 

FSR = 100kHz 


±0.01 

±0.025 


* 

±0.02 

% 

Input Resistors 









Resistance 



±30 



* 


% 

Temperature Coefficient (T c )< 2 > 



±50 

±100 


* 

* 

ppm°C 

INTEGRATOR OP AMP 









V 0 s (1) 



±150 

±1000 


* 

* 

HV 

V os Drift 



±5 

±25 


* 

±15 

|iV/°C 

Ib 



±50 

±100 


±25 

±50 

nA 

l os 



100 

200 


50 

100 

nA 

Adl 

Z L0AD = 5kQ/10,000pF 

100 

120 


* 

* 


dB 

CMRR 


80 

105 


* 

* 


dB 

CM Range 


-7.5 


+0.1 

* 


* 

V 

V 0UT Range 

Z L0AD = 5kO/10,000pF 

-0.2 


+12 


* 

* 

V 

Bandwidth 



14 



* 


MHz 

COMPARATOR INPUTS 









Input Bias Current (l s ) 

k 

+ 

< 

A 

< 

A 

+ 

f 



5 



* 

HA 

1 CLOCK INPUT (Referenced to Digital Common) 








Frequency (maximum operating) 



4 



* 


MHz 

Threshold Voltage 



1.4 



* 


V 


Over Temperature 

0.8 


2 

* 


* 

V 

Voltage Range 


-V cc + 3 


+v cc 

* 


* 

V 

Input Current 



0.5 

5 


* 

* 

HA 

Rise Time 




2 



* 

M'S 

OPEN COLLECTOR OUTPUT (Referenced to Digital Common) 








VoL 

bin — 10mA 



0.4 



* 

V 

l0L 




15 



* 

mA 

l 0H (off leakage) 

V 0UT = 30V 


0.01 

10 


* 

* 

ma 

Delay Time, Positive Clock 









Edge to Output Pulse 



300 



* 


ns 

Fall Time 



100 



* 


ns 

Output Capacitance 



5 



* 


PF 

OUTPUT ONE-SHOT 









Pulse Width Out 

Nominal PW 0UT = 

1 

1.4 

2 

* 

* 

* 

ps 


(5ns/pF) x C os - 90ns; C os = 300pF 








REFERENCE VOLTAGE 









Accuracy 

No Load 

4.9 

5 

5.1 

4.95 

* 

5.05 

V 

Drift* 2 ' 



±60 

±105 


±40 

±55 

ppm/°C 

Current Output (sourcing) 


10 



* 



mA 

Power Supply Rejection 




0.015 



* 

%/V 

Output Impedance 



0.5 

2 


* 

* 

Q 

POWER SUPPLY 









Rated Voltage 



±15 



* 


V 

Operating Voltage Range 

+v cc 

+7.5 


+28.5 

* 


* 

V 


“ v cc 

-7.5 


-28.5 

* 


* 

V 

Total Supply 

+v cc -(-v cc ) 

15 


36 

* 


* 

V 

Digital Common 


-Vcc + 2 


+ V CC - 4 

* 


* 

V 

Quiescent Current: +l cc 

Over Temperature 


10.6 

15 


* 

* 

mA 

~ *cc 



9.6 

15 


* 

* 

mA 


IMS 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

At T a = +25°C and ±15VDC supplies unless otherwise noted. 




VFC101JN 

VFC101KN 


PARAMETER 

CONDITIONS 




MIN 

TYP 

MAX 

UNITS 

TEMPERATURE RANGE 

Specification 


0 


+70 



* 

°C 

Storage 


-65 


+150 

■ * 


* 

°c 

0ja 



90 



* 


°c/w 

0jc 



35 



* 


°c/w 


* Specification same as JN grade. 

NOTES: (1) Offset and gain error can be trimmed to zero. (2) Specified by the box method: (max - min) + (Avg x AT). 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage (+V CC to -V cc ) 36V 

+V CC to Analog Common 28V 

-V cc to Analog Common 28V 

Integrator Out Short-Circuit to Ground Indefinite 

Integrator Differential Input ±10V 

Integrator Common-Mode Input -V cc +5V to +2V 

V IN (pins 7, 8, 9 , 10) ±V CC 

Clock Input ±V CC 

V REF Out Short-Circuit to Ground Indefinite 

C os (Pin 12) 0 to +V CC 

f OU T (referred to digital common) -0.5V to 36V 

Digital Common ±V CC 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 


PIN ASSIGNMENTS 


PIN# 

DESCRIPTION 

1 

NC 

2 

+V CC Power Supply 

3 

NC 

4 

V 0UT Integrator Amp Output 

5 

C, NT , Integrator Inverting Input 

6 

+V IN , Integrator Noninverting Input 

7 

V 1N , 5V FS 

8 

V IN , 10V FS 

9 

V IN , 8V FS 

10 

V IN , 10V FS 

11 

-V cc Power Supply 

12 

C os . Output One-Shot Capacitor 

13 

f CLOCK Input 

14 

f OUT Frequency Output 

15 

Digital Ground 

16 

Analog Ground 

17 

- Comparator Input 

18 

+ Comparator Input 

19 

NC 

20 

V REF +5V Reference Output 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

VFC101JN 

20-Pin PLCC 

181 

VFC101KN 

20-Pin PLCC 

181 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

VFC101JN 

VFC101KN 

20-Pin PLCC 
20-Pin PLCC 

0°C to +70°C 

0°C to +70°C 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 


7.26 


Burr-Brown 1C Data Book — Data Conversion Products 


■ bb| 




























Or, Call Customer Service at 1-800-548-6132 (USA Only) 

TYPICAL PERFORMANCE CURVES 

At +25°C, ±V CC = 15VDC, and in circuit of Figure 1, unless otherwise specified. 



-75 -50 -25 0 25 50 75 100 125 

Ambient Temperature (°C) 


REFERENCE VOLTAGE vs REFERENCE LOAD CURRENT 



0 5 10 15 20 25 30 

Output Current (mA) 


NONLINEARITY AND GAIN ERROR 
vs FULL-SCALE FREQUENCY 




0 2 4 6 8 10 


V, N (V) 


mm 
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THEORY OF OPERATION 

The VFC101 voltage-to-frequency converter provides digi- 
tal output pulses with an average frequency proportional to 
the analog input voltage. The output is an active low pulse 
of constant duration, with a repetition rate determined by the 
input voltage. Falling edges of the output pulses are synchro- 
nized with rising edges of the clock input. 

Operation is similar to a conventional charge-balance VFC. 
An input operational amplifier (Figure 1) is configured as an 
integrator so that a positive input voltage causes an input 
current to flow in C INX . This forces the integrator output to 
ramp negatively. When the output of the integrator crosses 
the reference voltage (5V), the comparator trips, activating 
the clocked logic circuit. Once activated, the clocked logic 
awaits a falling edge of the clock input, followed by a rising 
edge. On the rising edge, switch SW t is closed for one 
complete clock cycle, causing the reset current, Ij, to switch 
to the integrator input. Since is larger than the input 
current, I IN , the output of the integrator ramps positively 
during the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the reset 
period. 

Unlike conventional VFC circuits, the VFC 101 accurately 
derives its reset period from an external clock frequency. 
This eliminates the critical timing capacitor required by 


other VFC circuits. One period (from rising edge to rising 
edge) of the clock input determines the integrator reset 
period. 

When the negative-going integration of the input signal 
crosses the comparator threshold, integration of the input 
signal will continue until the reset period can start (awaiting 
the necessary transitions of the clock). Output pulses are 
thus made to align with rising edges of the external clock. 
This causes the instantaneous output frequency to be a 
subharmonic of the clock frequency. The average frequency, 
however, will be an accurate analog of the input voltage. 

A full-scale input causes a nominal output frequency equal 
to one-half the clock frequency. The transfer function is 

foUT = (Vi N / 2V fs ) f CL OCK- 

Input voltages greater than V FS cause the output frequency 
to limit at half the clock frequency. Negative inputs cause all 
output pulses to cease. The full-scale input voltage, V FS , is 
determined by the input pin used — see Figure 1. 

One of the useful functions made possible by the VFClOl’s 
multiple input resistors is shown in Figure 2. By connecting 
one 10V input to the 5V V REF output, the other 10V input pin 
functions as a bipolar input. A -5V to +5V input range 
causes a zero to f CLOCK /2 output frequency range. Accurate 
ratio matching and temperature tracking of the input resis- 
tors provides improved stability of the half-scale offset. 


INPUT 

Pin Number 

FULL-SCALE VOLTAGE 

V RS 

8 

10V 

10 

10V 

9 

8V 

7 

5V 

7d) 

2.5V 


NOTE: (1) Pin 8 connected to pin 5. 



FIGURE 1. Basic Voltage-to-Frequency Operations. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

The integrator capacitor C INT (see Figure 1) affects the 
magnitude of the integrator voltage waveform. Its absolute 
accuracy is not critical since it does not affect the transfer 
function. Figure 3 facilitates choosing an appropriate stan- 
dard value to assure that the integrator waveform voltage is 
within acceptable limits. Good dielectric absorption proper- 
ties are required to achieve best linearity. Mylar™, polycar- 
bonate, mica, polystyrene, Teflon™ and glass types are 
appropriate choices. Choice will depend on the particular 
value and size. Ceramic capacitors vary considerably from 
type to type and some produce significant nonlinearities. 
Polarized capacitors should not be used. 

Deviation from the nominal recommended +1V to -0.75V 
integrator voltage (as controlled by the integrator capacitor 
value) is permissible and will have a negligible effect on 



FIGURE 3. Integrator Capacitor Selection Graph. 


Mylar™, Teflon™ E. I. du Pont de Nemours & Co. 

BURR -BROWN® 


VFC operation. It may be desirable to deviate from the 
suggested value. Smaller integrator voltages, for instance, 
allow more “headroom” for averaging noisy input signals. 
The VFC is a fully integrating input converter, able to reject 
large levels of interfering noise. This ability is limited only 
by the output voltage swing range of the integrator amplifier. 
By setting a small integrator voltage swing using a large 
Cint value, larger levels of noise can be integrated without 
integrator output saturation and loss of accuracy. ■ 

The maximum integrator voltage swing requirement is nearlyl 
symmetrical about the comparator threshold voltage (see" 
Figure 5.) One-third greater swing is required above the 
threshold than below it. Maximum demand on positive 
integrator swing occurs at low scale, while the negative 
swing is greatest just below full scale. 

CLOCK INPUT 

The clock input is TTL- and CMOS-compatible. Its input 
threshold is approximately 1.4V (two diode voltage drops) 
referenced to digital ground (pin 15). The clock “high” input 
may be standard TLL or may be as high as +V CC . The clock 
input has a high input impedance, so no special drivers are 
required. Rise time in the transition region from 0.5V to 2V 
must be less than 2ps for proper operation. 

OUTPUT 

The frequency output is an open collector current-sink 
transistor. Output pulses are active-low during the reset 
integration period (see “Shortened Output Pulses”.) 

Interface to a logic circuit normally uses a pull-up resistor to 
the logic power supply. Selection of the pull-up resistor 
should be made such that no more than 15mA flows in the 
output transistor. The actual choice of the pull-up resistor 
may depend on the full-scale frequency and the stray capaci- 


Burr-Brown IC Data Book — Data Conversion Products 


7.29 


VOLTAGE-TO-FREQUENCY CONVERTERS El VFC101 



For Immediate Assistance, Contacl Your Local Salesperson 


tance on the output line. The rising edge of an output pulse 
is determined by the RC time constant of the pull-up resistor 
and the stray capacitance. 

The synchronized nature of the VFC101 makes viewing its 
output on an oscilloscope somewhat tricky. Since all output 
pulses align with the clock, it is best to trigger and view the 
clock on one of the input channels and the output can then 
be viewed on another oscilloscope channel. Depending on 
the YFC input voltage, the output waveform may appear as 
if the oscilloscope is not properly triggered. The output 
might best be visualized by imagining a constant output 
frequency which is locked to a submultiple of the clock 
frequency with occasional extra pulses or missing pulses to 
create the necessary average frequency. It is these extra or 
missing pulses that make the output waveform appear as if 
the oscilloscope is not properly triggered. This behavior 
amounts to a frequency or phase jitter in the output, making 
frequency detection with most phase-locked loop circuitry 
impractical. For the same reason, fast period measurement 
(ratiometric counting) will not provide a stable reading. The 
output frequency must be measured (averaged) for N counts 
of f CL ocK to achieve a stable N counts of resolution. 

SHORTENED OUTPUT PULSES 

With pin 12 connected to +V CC , the negative output pulse 
duration is equal to one period of the clock input. Shorter 
output pulses may be useful in driving optical couplers or 
transformers for voltage isolation or noise rejection. This 
can be accomplished by connecting capacitor Cos as shown 
in Figure 4. Output pulses cannot be made to exceed one 
clock period in duration. Thus, a C os value which would 
create an output pulse which is longer than one period of the 
clock will have the same effect as disabling the one-shot, 


causing the output pulse to last one clock period. The 
minimum practical pulse width of the one-shot circuit is 
approximately 100ns. Using C os to generate shorter output 
pulses does not affect the output frequency or the gain 
equation. 

REFERENCE VOLTAGE 

Low gain, drift is achieved with a precision internal 5V 
reference. This reference is brought to an external pin and 
can be used for a variety of purposes. It is used to offset the 
noninverting comparator input in voltage-to-frequency mode 
(although a precise voltage is not required for this function). 
It is very useful in many other applications such as offsetting 
the input to accept bipolar input signals. It can source up to 
10mA and sink lOOpA. Heavy loading of the reference will 
change the gain of the VFC. A 10mA load interacting with 
a 0.5Q typical output impedance will change the VFC gain 
equation and reference voltage by 0.1%. 

LINEARITY PERFORMANCE 

The linearity of the VFC 100 is specified as the worst-case 
deviation from a straight line defined by low scale and high 
scale end point measurements. This worst-case deviation is 
expressed as a percentage of the 10V full-scale input. All 
units are tested. 

Linearity performance and gain error change with full-scale 
operating frequency as shown in the typical performance 
curves. Integrator voltage swing (determined by C INT ) has a 
minor effect on linearity. A small integrator voltage swing 
typically leads to best linearity performance. 

The best linearity performance at high full-scale frequencies 
(above 500kHz) is obtained by using short output pulses 



FIGURE 4. Circuit and Timing Diagram for Shortened Output Pulses. 
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with a one-shot capacitor of 60pF. As with any high- 
frequency circuit, careful attention to good power supply 
bypassing techniques (see “Power Supplies and Ground- 
ing”) is also required. 

TEMPERATURE DRIFT 

Conventional VFC circuits are affected significantly by 
external component temperature drift. Drift of the external 
input resistor and timing capacitor required with these de- 
vices may easily exceed the specified drift of the VFC itself. 

When used with its internal input resistor, the gain drift of 
the complete VFC 101 circuit is totally determined by the 
performance of the VFC 101. Gain drift is specified at a full- 
scale output frequency of 100kHz. Gain drift remains excel- 
lent at higher operating frequency, typically remaining within 
specifications at f FS = 1MHz. 

Drift of the external clock frequency directly affects the 
output frequency, but by using a common clock for the VFC 
and counting circuitry, this drift can be cancelled. 

POWER SUPPLIES AND GROUNDING 

Separate analog and digital grounds are provided on the 
VFC 101 and it is important to separate these grounds to 
attain greatest accuracy. Logic sink current flowing in the 
f OUT pin is returned to the digital ground. If this “noisy” 
current were allowed to flow in analog ground, errors could 
be created. Although analog and digital grounds may even- 


tually be connected together at a common point in the 
circuitry, separate circuit connections to this common point 
can reduce the error voltages created by varying currents 
flowing through the ground return impedance. The +5 V V REF 
pin is referenced to analog ground. 

The power supplies should be well bypassed using capaci- 
tors with low impedance at high frequency. A value of 0. lpF 
is adequate for most circuit layouts. 

The VFC 101 is specified for a nominal supply voltage of 
±15V. Supply voltages ranging from±7.5V to ±18V may be 
used. Either supply can be up to 28V as long as the total of 
both does not exceed 36V. Steps must be taken, however, to 
assure that the integrator output does not exceed its linear 
range. Although the integrator output is capable of 12V 
output swing with 15V power supplies, with 7.5V supplies, 
output swing will be limited to approximately 4.5V. In this 
case, the comparator input cannot be offset by directly 
connecting to the 5V reference output pin. The comparator 
input must be connected to a lower voltage point (approxi- 
mately 2V.) This allows the integrator output to operate 
around a lower voltage point, assuring linear operation. This 
threshold voltage does not affect the accuracy or drift of the 
VFC as long as it is not noisy. It should not be made too 
small, however, or the negative output limitation of the 
integrator (-0.2V) may cause saturation. Also, a large inte- 
grator capacitor may be used to limit the required integrator 
waveform swing to approximately lOOmV (see Figure 3.) 



FIGURE 5. Circuit Diagram and Integrator Voltage Waveform for Low Power Supply Voltage Operation. 
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The circuit in Figure 5 operates from the minimum power 
supplies, avoiding saturation of the integrator amplifier and 
loss of accuracy. C INT is chosen for a +100mV to -75mV 
integrator voltage swing (referred to the noninverting com- 
parator input). The offset voltage applied to the comparator’s 
noninverting input is derived from a resistive voltage divider 
from Vrep 

The relationship of the allowable operating voltage ranges 
on important pins is shown in Figure 6. Note that the 
integrator amplifier output cannot swing more than 0.2V 
below ground. Although this is not “normal” for an opera- 
tional amplifier, a special design of this type optimizes high- 
frequency performance. It is this characteristic which re- 
quires offsetting the noninverting comparator input in volt- 
age-to-frequency mode. 

FREQUENCY-TO-VOLTAGE MODE 

The VFC100 can also function as a frequency-to- voltage 
converter by supplying an input frequency to the comparator 
input as shown in Figure 7. The input resistor, R IN , is 
connected as a feedback resistor. The voltage at the integra- 
tor amp output is proportional to the ratio of the input 
frequency to the clock frequency. The transfer function is: 

V()UT — (^out^clock) 20V. 

This transfer function is complementary to the voltage-to- 
frequency mode transfer function, making voltage-to-fre- 
quency-to-voltage conversions simple and accurate. 

Direct coupling of the input frequency to the comparator is 
easily accomplished by driving both comparators with 
complementary frequency input signals. Alternatively, one 
of the comparator inputs can be biased at half the logic 
voltage (using V REF and a voltage divider) and the other input 
driven directly. 


The proper timing of the input frequency waveform is 
shown in Figure 7. The input pulse should go low for one 
clock cycle, centered around a falling edge of the clock. The 
minimum acceptable input pulse width must fall no later 
than 200ns before a negative clock edge and rise no sooner 
than 200ns after the falling clock edge. An input pulse which 
remains low for more than one falling edge of the clock will 
produce incorrect output voltages. Positive (active high) 
input pulses can be accepted by reversing the connections to 
pins 14 and 15. 

The integrator amplifier output is designed to drive up to 
10,000pF and 5kQ loads in frequency-to-voltage mode. This 
allows driving long lines in a large system. 

Ripple voltage in the voltage output is unavoidable and is 
inversely proportional to the value of the integrator capaci- 
tor. Figure 8 shows the output ripple and settling time as a 
function of the C INT value. 

The ripple frequency is equal to the input frequency. Its 
magnitude can be reduced by using a large integrator capaci- 
tor value, but with the tradeoff of slow settling time in 
response to an input frequency change. The settling time 
constant is equal to R IN X C INT . A better compromise between 
output ripple and settling time can be achieved by using a 
moderately low integrator capacitor value and adding a low- 
pass filter on the analog output. The cutoff frequency of the 
filter should be made below the lowest expected input 
frequency to the frequency-to-voltage converter. 

NOTE: Several useful applications circuits may be found 
in the VFC100 product data sheet. These require only 
minor adaptation to the different pinout and input resis- 
tor configurations of the VFC101. 



FIGURE 6. Relationships of Allowable Voltages. 
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FIGURE 7. Circuit and Timing Diagram of a Frequency-to- Voltage Converter. 



C|NT 


FIGURE 8. Frequency- to- Voltage Mode Output Ripple and 
Settling Time vs Integrator Capacitance. 
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VFC110 



High-Frequency 

VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES 

• HIGH-FREQUENCY OPERATION: 
4MHz FS max 

• EXCELLENT LINEARITY: 

±0.02% typ at 2MHz 

• PRECISION 5V REFERENCE 

• DISABLE PIN 

• LOW JITTER 


APPLICATIONS 

• INTEGRATING A/D CONVERSION 

• PROCESS CONTROL 

• VOLTAGE ISOLATION 

• VOLTAGE-CONTROLLED OSCILLATOR 

• FM TELEMETRY 


DESCRIPTION 

The VFC1 10 voltage-to-frequency converter is a third- 
generation VFC offering improved features and per- 
formance. These include higher frequency operation, 
an on-board precision 5V reference and a Disable 
function. 

The precision 5V reference can be used for offsetting 
the VFC transfer function, as well as exciting trans- 
ducers or bridges. The Enable pin allows several 
VFCs’ outputs to be paralleled, multiplexed, or simply 
to shut off the VFC. The open-collector frequency 

! in v out Comparator 


output is TTL/CMOS-compatible. The output may be 
isolated by using an opto-coupler or transformer. 

Internal input resistor, one-shot and integrator capaci- 
tors simplify applications circuits. These components 
are trimmed for a full-scale output frequency of 4MHz 
at 10V input. No additional components are required 
for many applications. 

The VFC 110 is packaged in plastic and ceramic 
14-pin DIPs. Industrial and military temperature range 
gradeouts are available. 


Input Common 14 



7 Digital Ground 


-V s Analog Ground 5V C os 
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SPECIFICATIONS 


At T a = +25°C and V s = ±1 5V unless otherwise noted. 




VFC110BG 

VFC1 1 0AG/SG/AP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

VOLTAGE-TO-FREQUENCY OPERATION 

Nonlinearity (1) : f FS = 100kHz 

C os = 2.2nF, R in = 44kfi 


0.005 

0.01 


0.01 

0.05 

%FS 

f FS = 1MHz 

C os = 150pF, R |N = 40kQ 


0.01 

0.05 



0.1 

%FS 

f ra = 2MHz 

C os = 56pF, R 1N = 34kO 


0.02 



* 


%FS 

f FS = 4MHz 

C os = (Int), R, n = (Int) 


1 



* 


%FS 

Gain Error, f = 1 MHz 

C os = 150pF, R |N = 40kQ 



5 



* 

% 

Gain Drift, f= 1MHz 

Specified Temp Range 



50 



100 

ppm/°C 

Relative to V REF 

Specified Temp Range 


50 



100 


ppm/°C 

PSRR 

V s = ±8V to ±1 8V 



0.05 



0.1 

%/V 

INPUT 

Full Scale Input Current 



250 

500 


* 

* 

pA 

l B - (Inverting Input) 



15 

60 


20 

100 

nA 

l B + (Non-Inverting Input) 



250 



* 


nA 

V os 




3 



3 

mV 

V os Drift 

Specified Temp Range 


35 



* 


pV/°C 

INTEGRATOR AMPLIFIER OUTPUT 

Output Voltage Range 

R l = 2kO 

-0.2 


+V s -4 

* 


* 

V 

Output Current Drive 


5 

20 


* 

* 


mA 

Capacitive Load 

No Oscillations 


10 



10 


nF 

COMPARATOR INPUT 

l B (Input Bias Current) 



-5 



* 


pA 

Trigger Voltage 



±50 



* 


mV 

Input Voltage Range 


-5 


+v s 

* 


* 

V 

OPEN COLLECTOR OUTPUT 

V 0 Low 




0.4 



* 

V 

'lEAKAGE 



0.1 

1 


* 

* 

pA 

Fall Time 



25 



* 


ns 

Delay to Rise 



25 



* 


ns 

Settling Time 

To Specified Linearity for a 


One Pulse of New Frequency Plus 1 ps 




Full-Scale Input Step 








REFERENCE VOLTAGE 

Voltage 


4.97 

5 

5.03 

* 

* 

* 

V 

Voltage Drift 




20 



50 

ppm/°C 

Load Regulation 

l 0 = 0 to 10mA 


2 

10 


* 

* 

mV 

PSRR 

V s = ±8Vto±18V 


5 



* 


mV/V 

Current Limit 

Short Circuit 

15 

20 



* 


mA 

ENABLE INPUT 

Vhigh ( f oui Enabled) 

Specified Temp Range 

2 



* 



V 

V LOW ( f ouT Disabled) 

Specified Temp Range 



0.4 



* 

V 

'high 



0.1 



* 


pA 

'low 



1 





pA 

POWER SUPPLY 

Voltage, ±V S 


±8 

±15 

±18 


* 

* 

V 

Current 



13 

16 


* 

* 

mA 

TEMPERATURE RANGE 

Specified 









AG, BG, AP 


-25 


+85 

* 


* 

°C 

SG 

Storage 


-55 


+125 




°C 

AG, BG, SG 


-65 


+150 

* 


* 

°C 

AP 


-40 


+125 

* 


* 

°C 


* Same specifications as VFC1 1 0BG. 

NOTE: (1) Nonlinearity measured from IV to 10V input. 


The information provided herein is believed to be reliable: however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATION 
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Input Common 
Analog Common 

^OUT 

Comparator In 

+v s 

NC 

f 0UT 


DIP 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltages (+V S to -V s ) 40V 

f OUT Sink Current 50mA 

Comparator In Voltage -5V to +V S 

Enable Input +V S to -V s 

Integrator Common-Mode Voltage -1 .5V to +1 .5V 

Integrator Differential Input Voltage +0.5V to -0.5V 

Integrator Out (short-circuit) Indefinite 

V REF Out (short-circuit) Indefinite 

Operating Temperature Range 

G Package -55°C to +125°C 

P Package -40°C to +85°C 

Storage Temperature 

G Package -60°C to +150°C 

P Package -40°C to +1 25°C 

Lead Temperature (soldering, 10s) +300°C 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

VFC110AG 

VFC110BG 

VFC110SG 

VFC110AP 

Ceramic DIP 
Ceramic DIP 
Ceramic DIP 

Plastic DIP 

-25°C to +85°C 
-25°C to +85°C 
-55°C to +125°C 
-25°C to +85°C 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

VFC110AG 

14-Pin Ceramic DIP 

137 

VFC110BG 

14-Pin Ceramic DIP 

137 

VFC110SG 

14-Pin Ceramic DIP 

137 

VFC110AP 

14-Pin Plastic DIP 

010 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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TYPICAL PERFORMANCE CURVES 

At T a = +25°C, V s = ±15V unless otherwise noted. 


FULL-SCALE FREQUENCY vs 



lOpF lOOpF InF 10nF lOOnF 



-50 -25 0 25 50 75 100 125 


External One-Shot Capacitor 


Temperature (°C) 


REFERENCE VOLTAGE vs 
REFERENCE LOAD CURRENT 

5.01 

5 

^ 4.99 
> 4.98 

4.97 

4.96 

0 2 4 6 8 10 12 14 16 18 20 22 



Output Current (mA) 


TYPICAL FULL SCALE GAIN DRIFT 



10k 100k 1M 10M 

Full Scale Frequency (Hz) 



10k 100k 1M 10M 

Full Scale Frequency (Hz) 

Jitter is the ratio of the 1 a value of the distribution of the period 
(1/f 0UT , max) to the mean of the period. 


FREQUENCY COUNT REPEATABILITY 
vs COUNTER GATE TIME 



This graph describes the low frequency stability of the VFC1 1 0: 
the ratio of the 1 a point of the distribution of 1 00 runs (where 
each mean frequency came from 1 000 readings for each gate 
time) to the overall mean frequency. 


ITO 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±15V unless otherwise noted. 

NONLINEARITY vs INPUT VOLTAGE NONLINEARITY vs FULL SCALE FREQUENCY 



I I I I I I i I i i I _i 

01 23456789 10 

Input Voltage (V) 


OPERATION 

Figure 1 shows the connections required for operation at a 
full-scale output frequency of 4MHz. Only power supply 
bypass capacitors and an output pull-up resistor, R pu , are 
required for this mode of operation. A 0V to 10V input 
voltage produces a 0Hz to 4MHz output frequency. The 
internal input resistor, one-shot and integrator capacitors set 
the full-scale output frequency. The input is applied to the 
summing junction of the integrator amplifier through the 
25kO internal input resistor. Pin 14 (the non-inverting ampli- 
fier input) should be referred directly to the negative side of 
V IN . The common-mode range of the integrating amplifier is 
limited to approximately -IV to +1V referred to analog 
ground. This allows the non-inverting input to Kelvin-sense 
the common connection of V IN , easily accommodating any 



Full Scale Frequency (Hz) 


ground-drop errors. The input impedance loading V is 
equal to the input resistor — approximately 25k£2. 

OPERATION AT LOWER FREQUENCIES 

The VFC1 10 can be operated at lower frequencies simply by 
limiting the input voltage to less than the nominal 10V full- 
scale input. To maintain a 10V FS input and highest accu- 
racy, however, external components are required (see Table 
I). Small adjustments may be required in the nominal values 
indicated. Integrator and one-shot capacitors are added in 
parallel to internal capacitors. Figure 2 shows the connec- 
tions required for 100kHz full scale output. The one-shot 
capacitor, C os , should be connected to logic ground. The one- 
shot connection (pin 6) is not short-circuit protected. Short- 
circuits to ground may damage the device. 



FIGURE 1. 4MHz Full-Scale Operation. 
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The integrator capacitor’s value does not directly affect the 
output frequency, but determines the magnitude of the volt- 
age swing on the integrator’s output. Using a C INT equal to 
C os provides an integrator output swing from OV to approxi- 
mately 1.5 V. 

COMPONENT SELECTION 

Selection of the external resistor and capacitor type is impor- 
tant. Temperature drift of an external input resistor and one- 
shot capacitor will affect temperature stability of the output 
frequency. NPO ceramic capacitors will normally produce 
the best results. Silver-mica types will result in slightly 
higher drift, but may be adequate in many applications. A 
low temperature coefficient film resistor should be used for 

R ,N- 

The integrator capacitor serves as a “charge bucket,” where 
charge is accumulated from the input, V JN , and that charge is 
drained during the one-shot period. While the size of the 
bucket (capacitor value) is not critical, it must not leak. 
Capacitor leakage or dielectric absorption can affect the 


linearity and offset of the transfer function. High-quality 
ceramic capacitors can be used for values less than 0.0 lpF. 
Use caution with higher value ceramic capacitors. High-k 
ceramic capacitors may have voltage nonlinearities which 
can degrade overall linearity. Polystyrene, polycarbonate, or 
mylar film capacitors are superior for high values. 

PULL-UP RESISTOR 

The VFC1 10’ s frequency output is an open-collector transis- 
tor. A pull-up resistor should be connected from f OUT to the 
logic supply voltage, +V L . The output transistor is On during 
the one-shot period, causing the output to be a logic Low. 
The current flowing in this resistor should be limited to 8mA 
to assure a 0.4V maximum logic Low. The value chosen for 
the pull-up resistor may depend on the full-scale frequency 
and capacitance on the output line. Excessive capacitance on 
f OUT will cause a slow, rounded rising edge at the end of an 
output pulse. This effect can be minimized by using a pull- 
up resistor which sets the output current to its maximum of 
8mA. The logic power supply can be any positive voltage up 

t°+v s . 


FULL-SCALE 

EXTERNAL COMPONENTS | 

FREQUENCY, f FS 

r in 

C os 

c 1NT 

4MHz 

2MHz 

34kQ 

56pF 

* 

1MHz 

40kQ 

150pF 

* 

500kHz 

58kQ 

330pF 

2nF 

100kHz 

44kO 

2.2nF 

10nF 

50kHz 

88kQ 

2.2nF 

0.1 pF 

10kHz 

44k£2 

22nF 

0.1 pF 


* Use internal component only. 

The values given were determined empirically to give the optimal perform- 
ance, taking into consideration tradeoffs between linearity and jitter for each 
given full scale frequency of operation. The capacitors listed were chosen 
from standard values of NPO ceramic type capacitors while the resistor 
values were rounded off. Larger C INT values may improve linearity, but may 
also increase frequency noise. 

TABLE I. Component Selection Table. 


ENABLE PIN 

If left unconnected, the Enable input will assume a logic 
High level, enabling operation. Alternatively, the Enable 
input may be connected directly to +V S . Since an internal 
pull-up current is included, the Enable input may be driven 
by an open-collector logic signal. 

A logic Low at the Enable input causes output pulses to 
cease. This is accomplished by interrupting the signal path 
through the one-shot circuitry. While disabled, all circuitryl 
remains active and quiescent current is unchanged. Since nol 
reset current pulses can occur while disabled, any positivel 
input voltage will cause the integrator op amp to ramp 
negatively and saturate at its most negative output swing of 
approximately -0.7V. 



FIGURE 2. 100kHz Full-Scale Operation. 
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PRINCIPLE OF OPERATION 

The VFC1 10 uses a charge-balance technique to achieve 
high accuracy. The heart of this technique is an analog 
integrator formed by the integrator op amp, feedback 
capacitor C INT , and input resistor R IN . The integrator’s 
output voltage is proportional to the charge stored in C 1NT . 
An input voltage develops an input current of V IN /R IN , 
which is forced to flow through C INT . This current charges 
C 1NT , causing the integrator output voltage to ramp nega- 
tively. 

When the output of the integrator ramps to 0V, the 
comparator trips, triggering the one-shot. This connects 
the reference current, I REF , to the integrator input during 
the one-shot period, T os . This switched current causes the 
integrator output to ramp positively until the one-shot 
period ends. Then the cycle starts again. 

The oscillation is regulated by the balance of current (or 
charge) between the input current and the time-averaged 



reset current. The equation of current balance is 
I in = I ref* Duty Cycle 
“ ^REF * ^OUT * T 0 

where T 0 is the one-shot period and f OUT is the oscillation 
frequency. 


When the Enable input receives a logic High (greater than 
+2V), a reset current cycle is initiated (causing f QUT to go 
Low). The integrator ramps positively and normal operation 
is established. The time required for the output frequency to 
stabilize is equal to approximately one cycle of the final 
output frequency plus lps. 

Using the Enable input, several VFCs’ outputs can be con- 
nected to a single output line. All disabled VFCs will have a 
high output impedance; one active VFC can then transmit on 
the output line. Since the disabled VFCs are not oscillating, 
they cannot interfere or “lock” with the operating VFC. 
Locking can occur when one VFC operates at nearly the 
same frequency as — or a multiple of — a nearby VFC. 
Coupling between the two may cause them to lock to the 
same or exact multiple frequency. It then takes a small 
incremental input voltage change to unlock them. Locking 
cannot occur when unneeded VFCs are disabled. 


REFERENCE VOLTAGE 

The V REF output is useful for offsetting the transfer function 
and exciting sensors. Figure 3 shows V REF used to offset the 
transfer function of the VFC110 to achieve a bipolar input 
voltage range. Sub-surface zener reference circuitry is used 
for low noise and excellent temperature drift. Output current 
is specified to 10mA and current-limited to approximately 
20mA. Excessive or variable loads on V REF can decrease 
frequency stability due to internal heating. 

MEASURING THE OUTPUT FREQUENCY 

To complete an integrating A/D conversion, the output 
frequency of the VFC 110 must be counted. Simple fre- 
quency counting is accomplished by counting output pulses 
for a reference time (usually derived from a crystal oscilla- 



FIGURE 3. Offsetting the Frequency Output. 
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tor). This can be implemented with counter/timer peripheral 
chips available for many popular microprocessor families. 
Many micro-controllers have counter inputs that can be 
programmed for frequency measurement. 

Since f OUT is an open-collector device, the negative-going 
edge provides the fastest logic transition. Clocking the counter 
on the falling edge will provide the best results in noisy 
environments. 

Frequency can also be measured by accurately timing the 
period of one or more cycles of the VFC’s output. Frequency 
must then be computed since it is inversely proportional to 
the measured period. This measurement technique can pro- 
vide higher measurement resolution in short conversion 
times. It is the method used in most high-performance 
laboratory frequency counters. It is usually necessary to 
offset the transfer function so OV input causes a finite 
frequency out. Otherwise the output period (and therefore the 
conversion time) approaches infinity. 

FREQUENCY NOISE 

Frequency noise (small random variation in the output 
frequency) limits the useful resolution of fast frequency 
measurement techniques. Long measurement time averages 
the effect of frequency noise and achieves the maximum 
useful resolution. The VFC110 is designed to minimize 
frequency noise and allows improved useful resolution with 
short measurement times. The typical curve “Frequency 
Count Repeatability vs Counter Gate Time” shows the effect 
of noise as the counter gate time is varied. It shows the one 


standard deviation (la) count variation (as a percentage of 
FS counts) versus counter gate time. 

FREQUENCY-TO-VOLTAGE CONVERSION 

The VFC110 can also be connected as a frequency-to- 
voltage converter (Figure 4). Input frequency pulses are 
applied to the comparator input. A negative-going pulse 
crossing OV initiates a reference current pulse which is 
averaged by the integrator op amp. The values of the one- 
shot capacitor and feedback resistor (same as R IN ) are deter- 
mined with Table I. The input frequency pulse must not 
remain negative for longer than the duration of the one-shot 
period. Figure 4 shows the required timing to assure this. If 
the negative-going input frequency pulses are longer in 
duration, the capacitive coupling circuit shown can be used. 
Level shift or capacitive coupling circuitry should not pro- 
vide pulses which go lower than -5V or damage to the 
comparator input may occur. 

This frequency-to-voltage converter operates by averaging 
(filtering) the reference current pulses triggered on every 
falling edge at the frequency input. Voltage ripple with a 
frequency equal to the input will be present in the output 
voltage. The magnitude of this ripple voltage is inversely 
proportional to the integrator capacitor. The ripple can be 
made arbitrarily small with a large capacitor, but at the 
sacrifice of settling time. The R-C time constant of C INT and 
R in determine the settling behavior. A better compromise 
between output ripple and settling time can be achieved by 
adding a low-pass filter following the voltage output. 



FIGURE 4. Frequency- to- Voltage Conversion. 
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Precision Single Power Supply 
VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES 


• SINGLE SUPPLY OPERATION: 
+4.5V to +36V 

• f 0 = 1.5MHz max 

• LOW NONLINEARITY: 0.03% max at 
1 00kHz, 0.1 % max at 1 MHz 

• HIGH INPUT IMPEDANCE 

• VOLTAGE REFERENCE OUTPUT 

• THERMOMETER OUTPUT: 1mV/°K 


APPLICATIONS 

• INTEGRATING A/D CONVERSION 

• ANALOG SIGNAL TRANSMISSION 

• PHASE-LOCKED LOOP VCO 

• GALVANICALLY ISOLATED SYSTEMS 


DESCRIPTION 

The VFC121 is a monolithic voltage-to-frequency 
converter consisting of an integrating amplifier, volt- 
age reference, and one-shot charge pump circuitry. 
High-frequency complementary NPN/PNP circuitry is 
used to implement the charge-balance technique, 
achieving speed and accuracy far superior to previous 
single power supply VFCs, 

The high-impedance input accepts signals from ground 
potential to V s - 2.5V. Power supplies from 4.5V to 

Integrator Comparator 
Out In 


ra pri 


36V may be used. A 2.6V reference voltage output 
may be used to excite sensors or bias external cir- 
cuitry. A thermometer output voltage proportional to 
absolute temperature (°K) may be used as a tempera- 
ture sensor or for temperature compensation of appli- 
cations circuits. 

Frequency output is an open-collector transistor. A 
disable pin forces the output to the high impedance 
state, allowing multiple VFCs to share a common 
transmission path. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, V s = +5V, and R IN = 8kQ unless otherwise noted. 




VFC121AP 

VFC121BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

ACCURACY 

Nonlinearity: f FS = 100kHz 

C os 1200pF, C 1NT = 2700pF 



0.05 



0.03 

%FS 

f FS = 1 MHz 

C os 68pF, C |NT = 270pF 


0.1 




0.1 

%FS 

Gain Error: f FS = 100kHz 

C os 1 200pF, C INT = 2700pF 



10 



* 

%FS 

Gain Drift: f FS = 100kHz 

T m , n to T max 



80 



40 

ppm/°C 

Relative to V REF 

+v s = +5V to +36V 



100 



40 

ppm/°C 

PSRR 




0.025 



* 

%/V 

INPUT 

Minimum Input Voltage 




0 



* 

V 

Maximum Input Voltage 


V s -2.5 

V s -2 


* 

* 


V 

Impedance 


10 

100 


* 

* 


M£2 

l B | AS 



150 

300 


* 

* 

nA 

V os 



300 

800 


100 

400 

pV 

V os Drift 

"'"min "'"max 


10 



* 


pV/°C 

OPEN COLLECTOR OUTPUT 

V S AT 

'pULLUP= 10mA 



0.4 



* 

V 

1 LEAKAGE 

V = 5V 

"PULL UP 



1 



* 

pA 


VpULL UP = 36 V 



10 



* 

pA 

Fall Time 




100 



* 

ns 

Delay to Rise 

R PULL U P = 470S! 



100 



* 

ns 

Settling Time 

To Specified Linearity for 

(i) 








Full Scale Input Step 








REFERENCE VOLTAGE 

Voltage 


2.59 

2.6 

2.61 

* 

* 

* 

V 

Voltage Drift 




100 



50 

ppm/°C 

Load Regulation 

l D = 0 to 1 0mA 



10 



* 

mV 

PSRR 

V s = +5V to +36V 



10 



* 

mV 

Current Limit 




Short Circuit Protected 




INTEGRATOR AMPLIFIER OUTPUT 

Output Voltage Range 

R L = 100kQ 

0.8 


2.9 

* 


* 

V 

COMPARATOR INPUT 









'bias 



+1 



* 


pA 

Trigger Voltage 



2.6 



* 


V 

Input Voltage Range 


0 


2.9 



* 

V 

THERMOMETER 

v T 

T a =+25°C 


298 



* 


mV 

V T Slope 

T M,N t0T MAX 


1 



* 


mV/°K 

DISABLE INPUT 

V HieH (Disabled) 


2 



* 



V 

V LO w 




0.8 



* 

V 

l HIGH (Disabled) 

V h ,gh = 2V 


10 



* 


pA 

'low 

V LO w=0-8V 


10 



* 


pA 

POWER SUPPLY 

Voltage 


4.5 

1 

5 

36 

* 

■ * 

* 

V 

Current 



7.5 

10 


* 

* 

mA 

TEMPERATURE RANGE 

Specified 


-25 

1 

+85 

* 


* 

°C 

Storage 


-40 


+125 



* 

°C 


* Same specification as VFC121AP. 

NOTE: (1) One pulse of new frequency plus Ips. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATION 


Top View 

^ 


NC |T 



Mg;™ 



I MB 



Gnd Sense | 4 






Vref |T 



■ 



ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage (+V S ) 

40V 




Comparator In Voltage 


-0.5V to +3V 



-0.3V to +V S 

Integrator Common-Mode Voltage 

0V to +V S - 2V 

Integrator Differential Input Voltage 

-0.3V to +0.3V 



Indefinite 

Operating Temperature Range 

-40°C to +85°C 

Storage Temperature 


-40°C to +125°C 

Lead Temperature (soldering, 10s) 

+300°C 

Stresses above these ratings may permanently damage the device. Expo- 

sure to absolute maximum rating conditions for extended periods may affect 

device reliability. 




PIN CONFIGURATION 


PIN# 

NAME 

DESCRIPTION 

1 

NC 

Not Connected 

2 

Disable 

Input logic Low for normal operation. Input logic 
High to disable the VFC1 21 . Has internal pull- 
down, for normal operation if not connected. 

■ 

v T 

Temperature compensation voltage proportional 
to absolute temperature. Typically 298mV at 
room temperature (298°K), with a change of 

ImV per °C (°K). 

n 

Gnd Sense 

Defines ground for the internal voltage reference. 

5 

Cos 

One-shot capacitor is connected between here 
and ground to set full scale output frequency. 

■ 

v REF 

Output from the internal band-gap voltage 
reference, typically 2.6V. Can be used 
externally to set levels or excite sensors. 

B 

NC 

Not Connected 

D 

Gnd 

Ground 


Comp In 

Comparator In 

10 

Int Out 

Integrator Out 

11 

+v IN 

Non-inverting input of the integrating op amp. 

The input signal is applied here. 

12 

— V,N 

Inverting input of the integrating op amp. C INT is 
connected between here and the integrator 
output (pin 10), and R IN is connected between 
here and ground. 

13 

+V S 

Supply voltage connected here. Range is +4.5V 
to +36V. 

14 

*OUT 

Frequency output pin. This is the output of an 
open-collector transistor, and an external pull- 
up circuit should be used to generate the appro- 
priate logic levels. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

LINEARITY 
ERROR, MAX 
(f s = 100kHz) 

TEMPERATURE 

RANGE 

VFC121AP 

VFC121BP 

Plastic DIP 
Plastic DIP 

0.05% 

0.03% 

-25°C to +85°C 
-25°C to +85°C 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

VFC121AP 

14-Pin Plastic DIP 

010 

VFC121BP 

14-Pin Plastic DIP 

010 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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Linearity Error (% of FSR) Full Scale Frequency (Hz) Jitter (ppm) 
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TYPICAL PERFORMANCE CURVES 

At T a = +25°C, V s = +5V, and R IN = 8kQ unless otherwise noted. 


FREQUENCY COUNT REPEATABILITY 

JITTER vs FULL SCALE FREQUENCY vs COUNTER GATE TIME 




Full Scale Frequency (Hz) Time ( ms ) 


FULL SCALE FREQUENCY 



10 100 1000 10000 
External One-Shot Capacitor (pF) 


NON-LINEARITY vs 
FULL-SCALE FREQUENCY 



NON-LINEARITY vs INPUT VOLTAGE 


REFERENCE VOLTAGE vs 
REFERENCE LOAD CURRENT 


0.04 


0.02 


0 


- 0.02 



Input Voltage (V) 



tMMM 
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TYPICAL PERFORMANCE CURVES (CONT) 

At T a = +25°C, V s = +5V, and R IN = 8kO unless otherwise noted. 



THEORY OF OPERATION 

The VFC121 uses a charge-balance technique to achieve 
high accuracy. The basic architecture is shown in Figure 1 . 
An analog integrator at the front end, consisting of a preci- 
sion op amp and a feedback capacitor, C INT , provides a true 
integrating approach for improved noise immunity. Use of 
the non-inverting input of the op amp for the analog input 
provides a high input impedance to the user. 

The integrator’s output is proportional to the charge stored 
on C 1NT plus the analog input voltage. An input voltage, V IN , 
forces a current through R IN of V IN /R IN , which also flows 
through C INT . This current through C INT causes the integrator 
output to ramp positive. (Refer to the timing diagram in 
Figure 2.) 

When the output of the integrator ramps to V REF , the com- 
parator trips, driving the output of the VFC121 Low, and 
triggering the one-shot. The tripping of the comparator also 
connects the reference current, 1^, to the integrator input 


for the duration of the one-shot period, T os . This switched 
current causes the output of the integrator to ramp negative. 

When the one-shot times out, the output of the VFC121 is 
reset High, the one-shot is reset, and I REF is switched to the 
output of the integrating op amp. (This causes the output of 




FIGURE 1. VFC121 Architecture. 
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the integrating op amp to see a constant current, reducing 
errors that might occur if the load were unbalanced.) In this 
state, the output of the integrator resumes a positive ramp, 
restarting the cycle. 

The output frequency is regulated by the balance of current 
(or charge) between the current V IN /R JN and the time-aver- 
aged reset current. The size of the integrating capacitor, C INT , 
determines the slew rate of the integrator, and thus how far 
down the integrator ramps during the one-shot period, but 
has no effect on the output frequency of the VFC121. 

The reference voltage used internally is generated from a 
bandgap reference, which is actively trimmed to achieve the 
low drift characteristics of the VFC121. To maximize flexi- 
bility of designs using the VFC121, both the bandgap 
reference voltage and a thermometer voltage are available 
externally. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC OPERATION 

The VFC121 allows users a wide range of input voltages and 
supply voltages, and easy control of the full scale output 
frequency. The basic connections are shown in Figure 3, 
with components that generate a 100kHz output with a 2V 
full scale input. 

For other input and output ranges, the full scale input 
voltages and full scale output frequencies can be calculated 
as follows: 


2(R*XC o , + 60) 

The full scale input current of 250pA was chosen to provide 
a 25% duty cycle in the output frequency. The VFC121 is 
designed to give optimum linearity under these conditions, 
but other current levels can be used without significantly 
degrading linearity. By reducing R IN , the integrating current 
is increased, increasing the positive ramp rate of the integra- 


tor output. Since the one-shot period is unchanged, the duty 
cycle of the output increases. 

Stray capacitance at the C os pin typically adds about 60pF to 
the capacitance of the external C QS , which accounts for the 
adjustment in the above equation. This usually becomes 
negligible as the required output frequency is reduced, and 
C os is increased. 

R B i AS is included in the circuit in Figure 3 to compensate for 
the effects of bias currents at the input of the integrating op 
amp. It is optional in most applications, but when needed, 

R b.as should e< ] llal V 

Table 1 indicates standard external component values for 
common input voltage ranges and output frequency ranges.! 

COMPONENT SELECTION 

Selection of the external resistor and capacitor type is 
important. Temperature drift of the external input resistor 
and one-shot capacitor will affect temperature stability of 
the output frequency. NPO ceramic capacitors will normally 
produce the best results. Silver-mica types will result in 
slightly higher drift, but may be adequate in many applica- 
tions. A low temperature coefficient film resistor should be 
used for R IN . 

The integrator capacitor, C INT , serves as a “charge bucket,” 
where charge accumulation is induced by the input, Vj N , and 


FULL SCALE INPUT RANGE (V) 

^IN + ^TRIM (kQ) 

2 

8 

5 

20 

10 

40 

FULL SCALE OUTPUT FREQUENCY (kHz) 

C 0 s(PF> 

C INT (PF) 

1500 

22 

150 

1000 

68 

270 

500 

180 

470 

250 

470 

1000 

125 

1000 

2200 

25 

4700 

10,000 

NOTE: Higher output frequencies can be achieved by reducing R IN . 


TABLE 1. Standard External Component Values 


EMU 
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repeatedly reduced during the one-shot period. The size of 
the bucket (the capacitor value) is not critical, since it 
primarily determines how far below V REF the output of the 
integrator ramps during the one-shot period. At the same 
time, the capacitor used must not leak since capacitor leak- 
age or dielectric absorption can affect the linearity and offset 
of the transfer function. High-quality ceramic capacitors can 
be used for values less than 0.0 lpF, but caution should be 
used with higher value ceramic capacitors. High-k ceramic 
capacitors may have voltage non-linearities which can de- 
grade overall linearity. Polystyrene, polycarbonate, or mylar 
film capacitors are superior for higher capacitance values. 

During the one-shot period, the output of the integrator is 
ramping down. To prevent the integrating op amp from 
being saturated at its minimum output of 0.8V, C INT should 
be kept at least 1.7 X C os . 


When the Enable input receives a logic Low (less than 
0.8V), a reset current cycle is initiated, (causing f OUT to go 
Low). The integrator ramps negatively and normal operation 
is established. The time required for the output frequency to 
stabilize is equal to approximately one cycle of the final 
output frequency plus lps. 

Using the Enable input, the outputs from several VFCs can 
be connected to a single line. All disabled VFCs will have a 
high output impedance; one active VFC can then transmit on 
the line. Since disabled VFCs are not oscillating, they cannot 
interfere or “lock” with the operating VFC. Locking can 
occur when one VFC operates at nearly the same frequency, 
or a multiple, as a nearby VFC. Coupling between the two 
may cause them to lock to the same frequency or an exact 
multiple. It then takes a small incremental input voltage 
change on one of the VFCs to unlock them. Locking cannot 
occur when unneeded VFCs are disabled. 


OUTPUT FREQUENCY ADJUSTMENT 

The full scale output frequency of the VFC 121 can be 
adjusted using a trim-pot, R trim in Figure 3, in series with 
R in . For optimum drift vs temperature, a low temperature 
coefficient fixed resistor of approximately 90% of the calcu- 
lated R in requirement should be used in series with a trim- 
pot approximately 20% of the size of the calculated R IN . The 
low-drift fixed resistor contributes most of the final R IN 
resistance, so that the effect of higher drift from the trim-pot 
is attenuated in the total R IN . 

PULL-UP RESISTOR 

The VFC 121 ’s frequency output is an open-collector transis- 
tor. A pull-up resistor should be connected from f 0UT to the 
logic supply, +V L . The output transistor is On during the 
one-shot period, causing the output to be logic Low. The 
current flowing in this resistor should be limited to 10mA to 
assure a 0.4V maximum logic Low. The value chosen for the 
pull-up resistor may depend on the full-scale frequency and 
capacitance on the output line. Excessive capacitance on f 0UT 
will cause a slow, rounded rising edge at the end of an output 
pulse. This effect can be minimized by using a pull-up 
resistor which sets the output current to its maximum of 
10mA. The logic power supply can be any positive voltage 
up to +36V. 

ENABLE PIN 

If left unconnected, the Enable input will assume a logic 
Low level, enabling the output stage, Alternatively, the 
Enable input may be connected directly to ground. This pin 
can also be driven by standard TTL or CMOS logic. 

A logic High at the Enable input causes output pulses to 
cease. This is accomplished by interrupting the signal path 
through the one-shot circuitry. While disabled, all circuitry 
remains active and quiescent current is unchanged. Since no 
reset current pulses can occur while disabled, any positive 
input voltage will cause the integrator op amp to ramp 
positive and saturate at its most positive output swing of 
approximately V REF + 0.7V. 


APPLICATION INFORMATION 

OPERATION FROM 10kHz TO 210kHz 

The VFC 121 is designed to provide an output frequency 
starting at 0Hz for a 0V input and increasing linearly to the 
full scale output frequency, f FS , at the full scale input voltage, 
V FS . For applications where low level inputs, near 0V, are 
critical, it may be inconvenient to have an output frequency 
approaching 0Hz. Figure 4 shows a circuit which transforms 
a 0V to 2V input level into output frequencies from 10kHz 
to 210kHz, by placing a resistor divider network between the 
input source and the V REF output of the VFC 121. This 
produces a positive voltage at +V JN when the input to the 
circuit is grounded. This circuit makes use of the high input 
impedance at +V m . 

The transfer function of this circuit is: 

f OUT -10kHz 
V = V 

IN 100kHz 

To trim the circuit, first apply 2V to the analog input, and 
adjust Rj to give a full scale output frequency of 2 1 0kHz. Then 
apply 0V to the analog input, and adjust R 2 until the output 
frequency is 10kHz. For absolute precision, it may be neces- 
sary to make several iterations trimming Rj and R 2 . In most 
cases, one iteration will be enough, since the effect of R 2 on 



FIGURE 4. Offsetting the Output Frequency. 
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full scale output frequency is attenuated by the divider net- 
work, which sees only a 0.6V total delta at full scale (2.6V at 
V^p minus 2V full scale input) as compared with a 2.6V delta 
at a 0V input level. 

USING THE VFC121 THERMOMETER VOLTAGE 

Because of the high input impedance of the VFC121 (which 
results from using the non-inverting input to the integrating op 
amp), it is relatively simple to use a standard multiplexer in 
front of the VFC121 . One of the possible reason to multiplex 
the input to the VFC121 is to use it to track temperature 
changes in the operating environment of the electronics in a 
system, in addition to using the VFC 1 2 1 in its normal mode to 
measure an analog signal. 

Figure 5 shows a way to do this. In this circuit, the normal 
analog input signals to be multiplexed through the VFC121 
have a full scale voltage of 2 V, and generate a full scale output 
frequency of 100kHz. To measure the electronics system 
temperature, the user selects the multiplexer channel con- 
nected to the thermometer voltage on pin 3. A measured 
output frequency from the VFC 121, with the multiplexer on 
channel 8, now corresponds to the temperature of the electron- 
ics as follows: 

Output Frequency - 13,650 
Temp (°C) = 
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BURR - BROWN 



Voltage-to-Frequency 
and Frequency-to- Voltage 
CONVERTER 


FEATURES 

• HIGH LINEARITY, 12 to 14 bits 
±0.005% max at 10kHz FS 
±0.03% max at 100kHz FS 
±0.1% typ at 1MHz FS 

• V/F OR F/V CONVERSION 

• 6-DECADE DYNAMIC RANGE 

• 20ppm/°C max GAIN DRIFT 

• OUTPUT TTL/CMOS COMPATIBLE 

APPLICATIONS 

• INEXPENSIVE A/D AND D/A CONVERTER 

• DIGITAL PANEL METERS 

• TWO-WIRE DIGITAL TRANSMISSION 
WITH NOISE IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER 
SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK FOR 
ISOLATION 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 


DESCRIPTION 

The VFC320 monolithic voltage-to-frequency and fre- 
quency-to-voltage converter provides a simple low 
cost method of converting analog signals into digital 
pulses. The digital output is an open collector and the 
digital pulse train repetition rate is proportional to the 
amplitude of the analog input voltage. Output pulses 
are compatible with TTL, and CMOS logic families. 

High linearity (0.005%, max at 10kHz FS) is achieved 
with relatively few external components. Two exter- 
nal resistors and two external capacitors are required 
to operate. Full scale frequency and input voltage are 
determined by a resistor in series with -In and two 
capacitors (one-shot timing and input amplifier inte- 
gration). The other resistor is a non-critical open 
collector pull-up (f OUT to +V CC ). The VFC320 is avail- 
able in three performance/temperature grades and two 
package configurations. The TO- 100 versions are her- 
metically sealed, and specified for the -25°C to +85°C 
and -55°C to +125°C ranges, and the dual-in-line 
units are specified from —25 °C to +85°C. 


-s +Vcc Vqi 


1 

-7.5V Ref 

-Ph 

Comparators 

ps r~ 

Flip- 

flop 



rf-i 


! 
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SPECIFICATIONS 


At T a = +25°C and ±1 5VDC power supply, unless otherwise noted. 




VFC320BG/BM/SM 

VFC320CG/CM 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V/F CONVERTER f OUT « VJ7.5 R,^, Figure 4 | 

INPUT TO OP AMP 

Voltage Range' 1 * 

Fig. 4 with e 2 = 0 

>0 


Note 2 




V 


Fig. 4 with e, = 0 

<0 


-10 




V 

Current Range' 1 ’ 

Bias Current 

• IN = v 1n /r in 

+0.25 


+750 




pA 

Inverting Input 



4 

8 


* 

* 

nA 

Noninverting Input 



10 

30 


* 

* 

nA | 

Offset Voltage' 3 * 




±0.15 



* 

mV 

Offset Voltage Drift 



±5 



* 


nv/°c 

Differential Impedance 
Common-Mode 


300 || 5 

650 || 5 





k£2 || pF 

Impedance 


300 || 3 

500 || 3 


* 

* 


kfi || pF 

ACCURACY 

Linearity Error' 1 * < 4 > < 5 > 

Fig. 4 with e 2 = O' 6 * 

0.01Hz ^ f OUT S 10kHz 


±0.004 

±0.005 


±0.0015 

±0.002 

% FSR 


0.1Hz <f OUT < 100kHz 


±0.008 

±0.030 


* 

* 

% FSR 


1Hz <f OUT < 1MHz 


±0.1 



* 


% FSR 

Offset Error Input 

Offset Voltage' 3 * 




±15 



* 

ppm FSR 

Offset Drift' 7 * 



±0.5 



* 


ppm FSR/°C 

Gain Error' 3 * 



±5 

±10 


* 

* 

% FSR 

Gain Drift' 7 * 

f = 10kHz 



50 



20 

ppm FSR/°C 

Full Scale Drift 

f = 10kHz 



50 



20 

ppm FSR/°C 

(Offset Drift and Gain Drift) ' 7 *< 8 *< 9 > 
Power Supply Sensitivity 

±V CC = 14VDC to 18VDC 



±0.015 



* 

% FSR% 

DYNAMIC RESPONSE 

Full Scale Frequency 

Cload - 50pF 



1 



* 

MHz 

Dynamic Range 

Settling Time 

(V/F) to Specified Linearity 

For a Full Scale Input Step 

6 

Note 10 



* 


Decades 

Overload Recovery 

<50% Overload 


Note 10 



* 



OPEN COLLECTOR OUTPUT 

Voltage, Logic “0" 

•sink = 8mA, max 



0.4 



* 

V 

Leakage Current, Logic “1 ” 

V 0 = 15V 


0.01 

1.0 


* 

* 

pA 

Voltage, Logic “1 ” 

External Pull-up Resistor 
Required (See Figure 4) 



Vpu 



* 

V 

Duty Cycle at FS 

For Best Linearity 


25 



* 


% 

Fall Time 

•out = 5mA, C LOAD = 500pF 


100 



* 


ns 

F/V CONVERTER V 0UT = 7.5 R,C, f ir 

j, Figure 9 








INPUT TO COMPARATOR 

Impedance 


50 || 10 

150 || 10 


* 

* 


kO || pF 

Logic “1 ” 


+1.0 


+V CC 

* 


* 

V 

Logic “0” 


— Ycc 


— 0.05 

* 


* 

V 

Pulse-width Range 


0.25 



* 



M-S 

OUTPUT FROM OP AMP 

Voltage 

l 0 = 6mA 

0 to +10 

1 


* 



V 

Current 

V 0 = 7VDC 

+10 



* 



mA 

Impedance 

Closed-Loop 



0.1 



* 

Q 

Capacitive Load 

Without Oscillation 



100 



* 

PF 

POWER SUPPLY 

Rated Voltage 



±15 



* 


V 

Voltage Range 


±13 


±20 

* 


* 

V 

Quiescent Current 



±6.5 

±7.5 


* 

* 

mA 

TEMPERATURE RANGE 

Specification 









B and C Grades 


-25 


+85 

* 


* 

°C 

S Grade 

Operating 


-55 


+125 




°C 

B and C Grades 


-^0 


+85 

* 


* 

°C 

S Grade 


-55 


+125 




°C 

Storage 


-65 


+150 

* 

1 

* 

°C 


* Specification the same as for VFC320BG/BM/SM. 

NOTES: (1) A 25% duty cycle at full scale (0.25mA input current) is recommended where possible to achieve best linearity. (2) Determined by R IN and full scale current range 
constraints. (3) Adjustable to zero. See Offset and Gain Adjustment section. (4) Linearity error at any operating frequency is defined as the deviation from a straight line drawn between 
the full scale frequency and 0.1 % of full scale frequency. See Discussion of Specifications section. (5) When offset and gain errors are nulled, at an operating temperature, the linearity 
error determines the final accuracy. (6) For e, = 0 typical linearity errors are: 0.01% at 10kHz, 0.2% at 100kHz, 0.1% at 1MHz. (7) Exclusive of external components’ drift. 
(8) FSR = Full Scale Range (corresponds to full scale and full scale input voltage.) (9) Positive drift is defined to be increasing frequency with increasing temperature. 
(10) One pulse of new frequency plus 50ns typical. 
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DICE INFORMATION 



VFC320 DIE TOPOGRAPHY 


PAD 

FUNCTION 

PAD 

FUNCTION 

1 

V OUT (Int. Out) 

mm 

NC 

2 

+ln 


^OUT 

■■ 

-In 

Bfi 

Comp. Input 

■■ 

-V cc 

m H 

Common 

wum 

One-Shot Cap. 

10 

+v cc 


NC: No Connection. 

Substrate Bias: Electrically connected to -V s supply. 


MECHANICAL INFORMATION 



MILS (0.001") 

MILLIMETERS 

Die Size 

Die Thickness 
Min. Pad Size 

109x87 ±5 

20 ±3 

4x4 

2.77x2.21 ±0.13 
0.51 ±0.08 

0.1 x 0.1 

Backing Gold j 


CONNECTION DIAGRAM 



Top View 


DIP 



+ln 

Voui 

+v cc 

Common 

Comparator 

Input 

NC 

NC 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

VFC320BG 

VFC320BM 

VFC320SM 

VFC320CG 

VFC320CM 

14-Pin Ceramic DIP 
TO-100 

TO-100 

14-Pin Ceramic DIP 
TO-100 

— 25°C to +85°C 
-25°C to +85°C 
-55°C to +125°C 
-25°C to +85°C 
-25°C to +85°C 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

VFC320BG 

14-Pin Ceramic DIP 

163 

VFC320BM 

TO-100 

007 

VFC320SM 

TO-100 

007 

VFC320CG 

14-Pin Ceramic DIP 

163 

VFC320CM 

TO-100 

007 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 

±20V 

Output Sink Current at f OU T 

50mA 

Output Current at V 0UT 

+20mA 

Input Voltage, -Input 


Input Voltage, +lnput 

±v cc 

Storage Temperature Range 

-65°C to +1 50°C 

Lead Temperature (soldering, 10s) 

+300°C 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change without notice. No patent rights or 
licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN product for use in life support 
devices and/or systems. 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end points 
(100% full scale input or frequency and 0.1% of full scale 
called zero.) Linearity is the most demanding measure of 
voltage-to-frequency converter performance, and is a func- 
tion of the full scale frequency. Refer to Figure 1 to deter- 
mine typical linearity error for your application. Once the 
full scale frequency is chosen, the linearity is a function of 
operating frequency as it varies between zero and full scale. 
Examples for 10kHz full scale are shown in Figure 2. Best 
linearity is achieved at lower gains (Af OUT /A VIN ) with opera- 
tion as close to the chosen full scale frequency as possible 

The high linearity of the VFC320 makes the device an 
excellent choice for use as the front end of A/D converters 
with 12- to 14-bit resolution, and for highly accurate transfer 
of analog data over long lines in noisy environments (2- wire 
digital transmission.) 



Figure 1. Linearity Error vs Full Scale Frequency. 



Figure 2. Linearity Error vs Operating Frequency. 


FREQUENCY STABILITY VS TEMPERATURE 

The full scale frequency drift of the VFC320 versus tem- 
perature is expressed as parts per million of full scale range 
per °C. As shown in Figure 3, the drift increases above 
10kHz. To determine the total accuracy drift over tempera- 
ture, the drift coefficients of external components (espe- 
cially R, and C,) must be added to the drift of the VFC320. 



RESPONSE 

Response of the VFC320 to changes in input signal level is 
specified for a full scale step, and is 50ns plus 1 pulse of the 
new frequency. For a 10V input signal step with the VFC320 
operating at 100kHz full scale, the settling time to within 
±0.01% of full scale is lOps. j 

THEORY OF OPERATION 

The VFC320 monolithic voltage-to-frequency converter pro- 
vides a digital pulse train output whose repetition rate is 
directly proportional to the analog input voltage. The circuit 
shown in Figure 4 is composed of an input amplifier, two 
comparators and a flip-flop (forming a on-shot), two switched 
current sinks, and an open collector output transistor stage. 
Essentially the input amplifier acts as an integrator that 
produces a two-part ramp. The first part is a function of the 
input voltage, and the second part is dependent on the input 
voltage and current sink. When a positive input voltage is 
applied at V IN , a current will flow through the input resistor, 
causing the voltage at V OUT to ramp down toward zero, 
according to dV/dt = V^/RjC^ During this time the constant 
current sink is disabled by the switch. Note, this period is 
only dependent on V IN and the integrating components. 

When the ramp reaches a voltage close to zero, comparator 
A sets the flip-flop. This closes the current sink switches as 
well as changing f OUT from logic 0 to logic 1. The ramp now 
begins to ramp up, and 1mA charges through Cj until V C1 = 
-7.5V. Note this ramp period is dependent on the 1mA 
current sink, connected to the negative input of the op amp, 
as well as the input voltage. At this -7.5V threshold point C p 
comparator B resets the flip-flop, and the ramp voltage 
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V 1N . " Pin numbers shown for “M” package (TO-1 00) 


For Postive Input Voltages use short e 2 . 
For Negative Input Voltages use e 2 , short e 1 
For Differental Input Voltages use e 1 and e 2 . 


FIGURE 4. Functional Block Diagram of the VFC320. 


begins to ramp down again before the input amplifier has a 
chance to saturate. In effect the comparators and flip-flop 
form a one-shot whose period is determined by the internal 
reference and a 1mA current sink plus the external capacitor, 
C v After the one-shot resets, f OUT changes back to logic 0 
and the cycle begins again. 

The transfer function for the VFC320 is derived for the 
circuit shown in Figure 4. Detailed waveforms are shown in 
Figure 5. 



FIGURE 5. Integrator and VFC Output Timing. 


In the time t x + t 2 the integrator capacitor C 2 charges and 
discharges but the net voltage change is zero. 


Thus AQ = 0 = I IN q + (I IN - I A ) t 2 

(2) 

So that I IN (t, + t>) = I A tj 

(3) 

1 V„ 

But since t x + t 2 = — — and I IN = — — 

*OUT K 1 

(4), (5) 

v M 

c£ 

a 

< 

ii 

j 

(6) 


In the time t,, I B charges the one-shot capacitor Cj until its 
voltage reaches -7.5V and trips comparator B. 

C, n 7.5 

Thus = — (7) 

V I 

Using (7) in (6) yield f OUT = — - X ~ (8) 

/ .j K.j Lj 1 A 

Since I A = L the result is 


7.5 R x C x 


Since the integrating capacitor, C 2 , affects both the rising 
and falling segments of the ramp voltage, its tolerance and 
temperature coefficient do not affect the output frequency. It 
should, however, have a leakage current that is small com- 
pared to I 1N , since this parameter will add directly to the gain 
error of the VFC. C,, which controls the one-shot period, 
should be very precise since its tolerance and temperature 
coefficient add directly to the errors in the transfer function. 
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The operation of the VFC320 as a highly linear frequency- 
to-voltage converter, follows the same theory of operation as 
the voltage-to-frequency converter, e, and e 2 are shorted and 
F,n is disconnected from V OUT . F IN is then driven with a 
signal which is sufficient to trigger comparator A. The one- 
shot period will then be determined by C, as before, but the 
cycle repetition frequency will be dictated by the digital 
input at F in . 

DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio of the one-shot 
period (t^) or pulse width, PW, to the total VFC period (t, + 
t 2 ). For the VFC320, ^ is fixed and t, + t 2 varies as the input 
voltage. Thus the duty cycle, D, is a function of the input 
voltage. Of particular interest is the duty cycle at full scale 
frequency, D FS , which occurs at full scale input. D FS is a user 
determined parameter which affects linearity. 

Dps = 7 “ = PW X fps 

l l + l 2 

Best linearity is achieved when D ps is 25%. By reducing 
equations (7) and (9) it can be shown that 

V IN max / R, I IN max 

D fs = = 

1mA 1mA 

Thus D fs = 0.25 corresponds to I IN max = 0.25mA. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

VOLTAGE-TO-FREQUENCY CONVERSION 

The VCF320 can be connected to operate as a V/F converter 
that will accept either positive or negative input voltages, or 
an input current. Refer to Figures 6 and 7. 



FIGURE 6. Connection Diagram for V/F Conversion, 
Positive Input Voltages. 



FIGURE 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 


EXTERNAL COMPONENT SELECTION 

In general, the design sequence consists of: (1) choosing 
f MAX , (2) choosing the duty cycle at full scale (D FS = 0.25 
typically), (3) determining the input resistor, R, (Figure 4), 
(4) calculating the one-shot capacitor, C lf (5) selecting the 
integrator capacitor C 2 , and (6) selecting the output pull-up 
resistor, R 2 . 


Input Resistors R 1 and R 3 

The input resistance (R, and R 3 in Figures 6 and 7) is 
calculated to set the desired input current at full scale input 
voltage. This is normally 0.25mA to provide a 25% duty 
cycle at full scale input and output. Values other than D PS = 
0.25 may be used but linearity will be affected. 


The nominal value is Rj is 
V IM max 

R, = 


0.25mA 


( 10 ) 

If gain trimming is to be done, the nominal value is reduced 
by the tolerance of C x and the desired trim range. R x should 
have a very-low temperature coefficient since its drift adds 
directly to the errors in the transfer function. 


One-Shot Capacitor, C 1 

This capacitor determines the duration of the one-shot pulse. 
From equation (9) the nominal value is 

C = ^ 

'-'1 NOM 7 r p f 

/.DK,I 0 ut Ql) 

For the usual 25% duty at f MAX = V in /Rj = 0.25mA there is 
approximately 15pF of residual capacitance so that the 
design value is 


C,(pF) 


33 x 10 6 

fps 


15 


( 12 ) 


P^n=«l 
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where fpS is the full scale output frequency in Hz. The 
temperature drift of C t is critical since it will add directly to 
the errors of the transfer function. An NPO ceramic type is 
recommended. Every effort should be made to minimize 
stray capacitance associated with Cj. It should be mounted 
as close to the VFC320 as possible. Figure 8 shows pulse 
width and full scale frequency for various values of C, at D FS 
= 25%. 



X 



0) 


Capacitance C^pF) 


FIGURE 8. Output Pulse Width (D FS = 0.25) and Full Scale 
Frequency vs External One-shot Capacitance. 


Integrating Capacitor, C 2 

Since C 2 does not occur in the V/F transfer function equation 
(9), its tolerance and temperature stability are not important; 
however, leakage current in C 2 causes a gain error. A 
ceramic type is sufficient for most applications. The value of 
C 2 determines the amplitude of V OUT . Input amplifier satura- 
tion, noise levels for the comparators and slew rate limiting 
of the integrator determine a range of acceptable values, 

r 100/f FS ; if f FS < 100kHz (13) 

C 2 (pF) = \ 0.001; if 100kHz < f FS < 500kHz 
1- 0.0005; if f FS > 500kHz 

Output Pull Up Resistor R 2 

The open collector output can sink up to 8mA and still be 
TTL-compatible. Select R 2 according to this equation: 

R 2 min (Q) V PULLUP /(8mA — I LOAD ) 

A 10% carbon film resistor is suitable for use as R 2 . 

Trimming Components R 3 , R 4 , R 5 

R 5 nulls the offset voltage of the input amplifier. It should 
have a series resistance between lOkQ and lOOkQ and a 
temperature coefficient less than 100ppm/°C. R 4 can be a 
10% carbon film resistor with a value of 10MG. 

R 3 nulls the gain errors of the converter and compensates for 
initial tolerances of R t and C v Its total resistance should be 
at least 20% of R v if is selected 10% low. Its temperature 
coefficient should be no greater than five times that of Ri to 
maintain a low drift of the R 3 - R t series combination. 


OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 

1. Apply an input voltage that should produce an output 
frequency of 0.001 X full scale. 

2. Adjust R 5 for proper output. 

3. Apply the full scale input voltage. 

4. Adjust R 3 for proper output. 

5. Repeat stems 1 through 4. 

If nulling is unnecessary for the application, delete R 4 and 
R 5 , and replace R 3 with a short circuit. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the VFC320 is 0.015% 
of FSR/% max. To maintain ±0.015% conversion, power 
supplies which are stable to within ±1% are recommended. 
These supplies should be bypassed as close as possible to the 
converter with 0.0 lpF capacitors. 

Internal circuitry causes some current to flow in the common 
connection (pin 1 1 on DIP package). Current flowing into 
the f OUT pin (logic sink current) will also contribute to this 
current. It is advisable to separate this common lead ground 
from the analog ground associated with the integrator input 
to avoid errors produced by these currents flowing through 
any ground return impedance. 

DESIGN EXAMPLE 

Given a full scale input of +10V, select the values of R l5 R 2 , 
R 3 , Cj, and C 2 for a 25% duty cycle at 100kHz maximum 
operation into one TTL load. See Figure 6. 

Selecting C, (D FS = 0.25) 

C x = [(33 X 10 6 )/f MAX ] - 15 [(66 X 10 6 )/f MAX ] - 15 

if D fs = 0.5 

= [(33 X 10 6 )/100kHz] - 15 
= 315pF 

Choose a 300pF NPO ceramic capacitor with 1% to 10% 
tolerance. 

Selecting R t and R 3 (D RS = 0.25) 

Ri + R 3 = V IN max/0.25mA V IN max/0.5mA 

if D fs = 0.5 

= 10V/0.25mA 
= 40kO 

Choose 32.4kQ metal film resistor with 1% tolerance and 
R 3 = 10kO cermet potentiometer. 

Selecting C 2 

C 2 = io 2 /f max 

= 10 2 /100kHz 
= O.OOlpF 

Choose a O.OOlpF capacitor with ±5% tolerance. 
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Selecting R 2 

^2 = ^PULLUP^mA — ^-LOAd) 

=5V/(8mA - 1.6mA), one TTL-load = 1.6mA 
=781C2 

Choose a 750£2 1/4- watt carbon compensation resistor with 
±5% tolerance. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC320 as a frequency-to-voltage converter, 
connect the unit as shown in Figure 9. To interface with 
TTL-logic, the input should be coupled through a capacitor, 
and the input to pin 10 biased near +2.5 V. The converter will 
detect the falling edges of the input pulse train as the voltage 
at pin 10 crosses zero. Choose C 3 to make t = 0. It (see Figure 
9). For input signals with amplitudes less than 5V, pin 10 


should be biased closer to zero to insure that the input signal 
at pin 10 crosses the zero threshold. 

Errors are nulled using 0.001 X full scale frequency to null 
offset, and full scale frequency to null the gain error. The 
procedure is given on this page. Use equations from V/F 
calculations to find R )9 R 3 , R 4 , C { and C 2 . 

TYPICAL APPLICATIONS 

Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC320 
ideal for a variety of VFC applications. High accuracy 
allows the VFC320 to be used where absolute or exact 
readings must be made. It is also suitable for systems 
requiring high resolution up to 14 bits 

Figures 10-14 show typical applications of the VFC320. 



Pin numbers in squares 

NOTE: (1 ) Bypass with 0.01 uF refer to DIP package. 


FIGURE 9. Connection Diagram for F/V Conversion. 




FIGURE 11. Inexpensive Digital Panel Meter. 
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FIGURE 12. Remote Transducer Readout via Fiber Optic Link (Analog and Digital Output). 



FIGURE 13. Bipolar input is accomplished by offsetting the 
input to the VFC with a reference voltage. 
Accurately matched resistors in the REF101 
provide a stable half-scale output frequency at 
zero volts input. 



FIGURE 14. Absolute value circuit with the VFC320. Op 
amp, Dj and Q t (its base-emitter junction 
funtioning as a diode) provide full-wave 
rectification of bipolar input voltages. VFC 
output frequency is proportional to I e t I. The 
sign bit output provides indication of the input 
polarity. 
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3 Digital Audio Products 


Burr-Brown pioneered the digital audio industry a 
decade ago with the introduction of the world’s 
first IC digital-to-analog converter specifically de- 
signed for audio applications. Burr-Brown contin- 
ues to be a leader in this field with a complete line 
of D/As, A/Ds and Digital filters for all ranges of 
digital audio — from consumer to professional. 

The selection guide, below, will assist in the 
selection of the proper component for each appli- 
cation — some of the newer products are: 

PCM1702 — This high-end, 20-bit, D/A is the same 
architecture and performance as the world famous 
PCM63 (20 bit, -96dB THD+N). It is constructed 
using state-of-the-art 1.2p BiCMOS technology 
allowing it to be packaged in a small, 20-pin SOIC 
package. The best choice when highest perfor- 
mance in a small package is required. 

PCM1700 — This mid-range, 18-bit, D/A is a popu- 
lar choice for consumer and professional applica- 
tions where price/performance is of major con- 
cern. 


PCM1710 — This dual D/A offers the maximum 
performance (-88dB THD+N) in an economy 
converter for consumer applications. It is a com- 
plete converter and contains a digital filter, output 
low pass filters and op amps. 

PCM1712/14/15 — These derivations of the popu- 
lar PCM1710 are tailored for specific applications. 
The PCM1712 is optimized for economy con- 
sumer applications. The PCM 17 14 is configured 
for music instruments. The PCM1715 has the 
output flexability required for communications, 
multi-media and DSP. 

PCM/DF1760 — This combination provides 20- 
bit stereo A/D conversion with performance levels 
required by high-end consumer and pro audio 
applications. 

PCM/DF1750 — For mid-range (18-bit) A/D re- 
quirements, there is no better price/performance 
choice. 
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Max Power Max Power 


Model 

Resolution 

(Bits) 

Update 

Rate 

Max THD + N 
(V 0UT =FS) 

Output 

Range 

Input 

Format 

Supply 

(V) 

Package 0 } 

Dissipation 

(mW) 

Page 

No. 

PCM53 

16 

500kHz 

-88dB (JP) 
-92dB (KP) 

±10V,±1mA 

Parallel 

±15, +5 

DDIP 

600 

A 

PCM54 

16 

500kHz 

-82dB (HP) 
-88dB (JP) 
-92dB (KP) 

±3V,±1mA 

Parallel 

±5 to ±12 

DDIP 

300 

8.2.52 

PCM55 

16 

500kHz 

-82dB (HP) 
-88dB (JP) 

±3V, ±1 mA 

Parallel 

±5 

SO 

125 

8.2.52 

PCM56 

16 

800kHz 

-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 

±3V, ±1 mA 

Serial 

Latched 

±5 to ±12 

DIP, SO 

260 

8.2.55 

PCM1710 

Dual16/20 

48KHz 

— 88dB 

3.2Vpp 

Serial 

+5 

SO 


8.2.116 

PCM1712 

Dual 16 

48kHz 

-87dB (typ) 

3.1 Vpp 

Serial 

+5 

so 

225mW (typ) 8.2.125 

PCM1714 

Dual 18/20 

44.1kHz (typ) 

-96dB (typ) 

2.8Vpp 

Serial 

+5 

so 

1 25mW (typ) 8.2.135 

PCM1715 

Dual 16 

44.1kHz (typ) 

-92dB (typ) 

3.2Vpp 

Serial 

+5 

so 

350mW 

8.2.139 

PCM66 

16 

200kHz 

-82dB (P) 
-88dB (P-J) 

2.6Vp-p, 

2-Channel 

Serial 

Latched 

+5 

Latched 

so 

50 

8.2.84 


KMM1 
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Resolution 
Model (Bits) 

Max 

Update 

Rate 

Max THD + N 
(V OUT = FS) 

Output 

Range 

Input 

Format 

Power 

Supply 

(V) 

Package 01 

Max Power 
Dissipation 
(mW) 

Page 

No. 

PCM 1700 
(Dual DAC) 

18 

800kHz 

-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 

±3V,±0.67mA 

Serial 

Latched 

±5 

DDIP, SO 

475 

8.2.103 

PCM58 

18 

1MHz 

-92dB (P) 
-94dB (P-J) 
-96dB (P-K) 

±1mA 

Serial 

Latched 

+5, -12 

DDIP 

400 

8.2.65 

PCM61 

18 

800kHz 

-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 

±3V, ±1 mA 

Serial 

Latched 

±5 to ±12 

DDIP 

260 

8.2.70 

PCM63 

20 

1MHz 

-88dB (P) 
-92dB (P-J) 
-96dB (P-K) 

±2mA 

Serial 

Latched 

±5 

DDIP 

300 

8.2.74 

PCM67/69 

(Dual) 

18 

1MHz 

-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 

1.2mA 

Serial 

Latched 

+5 

DIP, SO 

105 

8.2.91 

PCM1702 

20 

1MHz 

-88dB (P, U) 
-92dB (P-J) 
-96dB (P-K) 

±1 .2mA 

Serial 

Latched 

±5 

DIP, SO 

250 

8.2.108 

NOTE: (1) DIP = 

0.3" wide DIP, DDIP = 0.6" 

wide DIP, SO = 

Small Outline Surface Mount. 
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Description 

Model 

Resolution 

(Bits) 

Typical Input 

i DC Linearity Range 

Accuracy (V) 

Conversion 

Time 

(M s) 

THD+N 
dB, Max 
(V 1N = ±FS) 

Output 

Format 

Pkg (1 > 

Page 

No. 

Low Cost 

PCM78 

16 

14-Bit 

±3 

5 

-88 

Serial 

DDIP 

8.1.3 

Dual 

PCM1750 

18 

14-Bit 

±2.75 

5 

-90 

Serial 

DDIP, SO 

8.1.19 

Dual Channel 

PCM1760 

20 

16-Bit 

±2.5 

20 

-90 

88 

Serial 

DDIP, SO 

8.1.37 

NOTE: (1) DDIP 

= 0.6" wide DIP, SO = Small Outline Surface Mount. 
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Description 


Model 

Input 

Resolution 

(Bits) 

Typical 

Resolution 

(Bits) 

Passband 

Ripple 

(dB) 

Stopband Power 

Attenuation Supply 
(dB) (V) 

Pkg°> 

Page 

No. 

Dual Interpolation 

DF1700 

16 

16/18/20 

±0.00005dB 

>100dB 

+5V 

DIP/SO 

8.3.148 

Dual 1/4 or 1/2 Decimating 

DF1750 

16/18 

18 

<±0.0005dB 

>95dB 

+5V 

DIP/SO 

8.3.158 

Dual Decimating 


DF1760 

20 

20 

±0.0001 dB 

>94dB 

+5V 

DIP/SO 

8.1.37 


NOTE: (1) DIP = 0.3" wide DIP, SO = Small Outline Surface Mount. 
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PCM78P 

DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


16-Bit Audio 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


• LOW COST/HIGH PERFORMANCE 16-BIT 
AUDIO A/D CONVERTER 

• FAST 5|as MAX CONVERSION TIME 
(4|as typ) 

• VERY LOW THD+N ( typ -88dB at FS; 
max -82dB) 

• ±3V INPUT RANGE 

• TWO SERIAL OUTPUT MODES PROVIDE 
VERSATILE INTERFACING 

• COMPLETE WITH INTERNAL REFERENCE 
AND CLOCK IN 28-PIN PLASTIC DIP 

• ±5V TO +15V SUPPLY RANGE (600mW 
Power Dissipation) 

DESCRIPTION 

The PCM78P is a low-cost 16-bit A/D converter which 
is specifically designed and tested for dynamic appli- 
cations. It features very fast, low distortion perform- 
ance (4ps/-88dB THD+N typical) and is complete 
with internal clock and reference circuitry. The PCM78P 
is packaged in a reliable, low-cost 28-pin plastic DIP 
and data output is available in user-selectable serial 
output formats. The PCM78P is ideal for digital audio 
tape (DAT) recorders. Many similar applications such 
as digital signal processing and telecom applications 
are equally well served by the PCM78P. 

The PCM78P uses a SAR technique. Analog and 
digital portions are efficiently partitioned into a high- 
speed, bipolar section and a low-power CMOS section. 
The PCM78P has been optimized for excellent dy- 
namic performance and low cost. 


APPLICATIONS 

• DSP DATA ACQUISTION 

• TEST INSTRUMENTATION 

• SAMPLING KEYBOARD SYNTHESIZERS 

• DIGITAL AUDIO TAPE 

• BROADCAST AUDIO PROCESSING 

• TELECOMMUNICATIONS 


16-bit SAR + 
Timing Control 


> Serial Output 1 
) Serial Output 2 
) Clock Output 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

T c = +25°C, +V DD = +5V, and ±V CC = ±12V, and one minute warm-up in convection environment, unless otherwise noted. 




PCM78P 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 

Bits 

INPUT/OUTPUT | 

ANALOG INPUT 






Input Range 


-3 


+3 

V 

Input Impedance 



1.5 


kQ 

DIGITAL INPUT/OUTPUT 






Logic Family 


TTL Compatible CMOS 


Logic Level: V IH 

l IH = +40|J.A 

+2 


+5.5 

V 

V |L 

l 1L = -lOOpA 

0 


+0.8 

V 

V 0 H 

l OH = 2TTL Loads 

+2.4 



V 

v OL 

l 0L = 2TTL Loads 



+0.4 

V 

Data Format 


Serial BOB or B 

TC 


Convert Command 


Negative Edge 

(i) 


Pulse Width 


25 

50 


ns 

CONVERSION TIME 



4 

5 

ps 

DYNAMIC CHARACTERISTICS | 

SIGNAL-TO-NOISE RATIO (SNR)< 2 > 

f s =200kHz/T CONV =4Ms(3) 





f = 1kHz (OdB) 

BW = 20kHz 


90 


dB< 4 > 

f = 10kHz (OdB) 

BW = 100kHz 


80 


dB 

TOTAL HARMONIC DISTORTIONS 

f s = 200kHz/T CONV = 4ps 





f = 1kHz (OdB) 

BW = 20kHz 


-91 


dB 

f = 19kHz (OdB) 

BW = 20kHz 


-90 


dB 

f = 10kHz (OdB) 

BW = 100kHz 


-90 


dB 

f = 90kHz (OdB) 

BW = 100kHz 


-89 


dB 

TOTAL HARMONIC DISTORTION + NOISES 

f s = 200kHz/T CONV = 4ps 





f = 1 kHz (OdB) 

BW = 20kHz 


-88 

-82 

dB 

f = 1kHz (-20dB) 

BW = 20kHz 


-74 

-68 

dB 

f = 1kHz (-60dB) 

BW = 20kHz 


-34 


dB 

f = 19kHz (OdB) 

BW = 20kHz 


-87 


dB 

f = 10kHz (OdB) 

BW = 100kHz 


-82 


dB 

f = 90kHz (OdB) 

BW = 100kHz 


-81 


dB 

TRANSFER CHARACTERISTICS | 

ACCURACY 






Gain Error 



±2 


% 

Bipolar Zero Error 



±20 


mV 

Differential Linearity Error 



±0.002 


% of FSR< 7 > 

Integral Linearity Error 



±0.003 


% of FSR 

Missing Codes 



None 


14 Bitss 

DRIFT 






Gain 

0°C to +70°C 


±25 


ppm/°C 

Bipolar Zero 

0°C to +70°C 


±4 


ppm of FSR/°C 

POWER SUPPLY SENSITIVITY 






+V cc 



±0.008 


%FSR/%V CC 

" V cc 



±0.003 


%FSR/%V CC 

+V D D 



±0.003 


%fsr/%v dd 

POWER SUPPLY REQUIREMENTS j 

Voltage Range: +V CC 


+4.75 


+15.6 

V 

" V CC 


-4.75 


-15.6 

V 

+V OD 


+4.75 


+5.25 

V 

Current: +V CC 

+V CC = +12V 


+15 


mA 

-V 

-V cc = -12 V 


-21 


mA 

+V 

*v„ = +5V 


+7 


mA 

Power Dissipation 

±V CC = ±12V 


575 


mW 

TEMPERATURE RANGE | 

Specification 


0 


+70 

°C 

Storage 


-50 


+100 

°C 

Operating 


-25 


+85 

°C 


NOTES: (1) When convert command is high, converter is in a halt/reset mode. Actual conversion begins on negative edge. See detailed text on timing for convert 
command description when using external clock. (2) Ratio of Noise rms/Signai rms. (3) f = input frequency; f s = sample frequency (PCM78P and SHC702 in 
combination); BW = bandwidth of output (based on FFT or actual analog reconstruction using a 20kHz low-pass filter). (4) Referred to input signal level. (5) Ratio 
of Distortion rms/Signal rms. (6) Ratio of Distortion rms + Noise rms/Signal rms. (7) FSR: Full-Scale Range = 6Vp-p. (8) Typically no missing Codes at 14-bit 
resolution. 
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HI 

NAME 

Itii 

DESCRIPTIUON 

1 

Analog In 

1 

Analog Signal Input (1.5kQ impedance). 

2 

"Vcc 

1 

Analog power supply (-5V to -15V). 

3 

MSB Adjust 

1 

Internal adjustment point to allow adjustment of MSB major carry. 

4 

+v DD 

1 

Power connection for comparator (+5V). 

5 

No Connection 

— 

No internal connection. 

6 

Comparator Common 

1 

Comparator common connection. Connect to ground. 

7 

MSB 

0 

Parallel output of bit 1 (MSB) inverted. 

8 

BTC/BOB Select 

i 

Two’s complement (open) or straight binary (grounded) data output format selection. 

9 

Status 

0 

Output signal held high until conversion is complete. 

10 

Clock Out 

o 

Internal clock output generated from RC network on pins 1 1 and 12 (also present when external clock is used lagging 
external clock by ~24ns and same duty cycle). 

11 

R i c i 

1 

RC connection point used to generate internal clock. Sets clock high time. See text for details. 

12 

R A 

1 

RC connection point used to generate internal clock. Sets clock low time. See text for details. 

13 

q 

0 

Internal shift register containing the previous conversion result. (Alternate latched data output mode). 

14 

+V DD 

1 

Power connection for +5V logic supply. 

15 

^OUTI 

o 

Primary real-time data output synchronized to clock out. 

16 

External Clock 

1 

External clock input point (internal clock must be disabled). 

17 

Int/Ext Clock Select 

1 

Selects either internal or external clock mode (low = internal; open = external). 

18 

Short Cycle 

1 

Terminates conversion at less than 16-bits (open for 16-bit mode). See text for details. 

19 

Convert Command 

1 

Starts conversion process (can optionally be generated internally). 

20 

S 0UT2 Latch 

1 

Latches previous conversion result for readout (must be issued with the S 0UT2 clock to initiate latch and an internal convert 
command). 

21 

S OU T2 Clock 

1 

Used to read out internally latched data from previous conversion. 

22 

Digital Common 

1 

Digital grounding pin. 

23 

+v cc 

1 

Analog supply connection (+5V to +15V). 

24 

Vpor 

0 

Voltage output (~2.5V) for optional adjustment of MSB transition. 

25 

Reference Decouple 

1 

Reference decoupling point. 

26 

Analog Common 

1 

Analog grounding pin. 

27 

Reference Out 

0 

2V reference out. Should not be used except as shown in connection diagram. 

28 

Speed Up 

1 

Connection point for a capacitor to speed reference settling. See text for details. 


NOTE: Analog and digital commons are connected internally. 


INPUT/OUTPUT RELATIONSHIPS 


ANALOG INPUT 

CONDITION 

DIGITAL OUTPUT 

BTC 

BOB 

+2. 999908V 
-3.000000V 
0.000000V 
-0.000092V 

+ Full Scale 
-Full Scale 
Bipolar Zero 
Zero-1 LSB 

7FFF Hex 
8000 Hex 
0000 Hex 
FFFF Hex 

FFFF Hex 
0000 Hex 
8000 Hex 
7FFF Hex 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM78P 

28-Pin Plastic DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ABSOLUTE MAXIMUM RATINGS 


+V cc to Analog Common 0 to +16.5V 

-V cc to Analog Common 0 to -16.5V 

-V DD to Analog Common 0 to +7V 

Analog Common to Digital Common ±0.5V 

Logic Inputs to Digital Common -0.3V to V DD + 0.5V 

Analog Inputs to Analog Common ±16.5V 

Lead Temperature (soldering, 10s) +300°C 


Stresses above these ratings may permanently damage the device. 


MMMM 


Burr-Brown 1C Data Book — Data Conversion Products 


8.1.5 


DIGITAL AUDIO PRODUCTS— A/D U PCM78 

















% / % BPZ Error (mV) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V cc = ±15V unless otherwise noted. 



-25 0 25 70 125 

Temperature (°C) 


BIPOLAR GAIN ERROR as % FSR 
25°C; N = 33 UNITS 



% FSR 



-25 0 25 70 125 



-25 0 25 70 125 


Temperature (°C) 


Temperature (°C) 




-25 0 25 70 125 4 6 8 10 12 14 16 

Temperature (°C) Supply Voltage (V) 
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TYPICAL PERFORMANCE CURVES (CONT) 


T. = +25°C, V rr = ±15V unless otherwise noted. 


INTEGRAL NONLINEARITY 
at -25°C 


DIFFERENTIAL NONLINEARITY 
at -25°C 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


1 2 3 4 5 6 7 


9 10 11 12 13 14 15 16 


Major Carry Bit Number 


INTEGRAL NONLINEARITY 
at 0°C 


DIFFERENTIAL NONLINEARITY 
at 0°C 



1 2 3 4 5 6 7 


9 10 11 12 13 14 15 16 


Major Carry Bit Number 


1 2 3 4 5 


6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


INTEGRAL NONLINEARITY 
at 25°C 


DIFFERENTIAL NONLINEARITY 
at 25°C 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


1 2 3 4 5 6 7 


9 10 11 12 13 14 15 16 


Major Carry Bit Number 
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Differential 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V cc = ±1 5V unless otherwise noted. Histograms done with conversion time = 8jis. 


INTEGRAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Major Carry Bit Number 


INTEGRAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


DIFFERENTIAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Major Carry Bit Number 


INTEGRAL NONLINEARITY ERROR 

1.50 

1.00 
0.50 
0.00 
-0.50 
- 1 .00 
-1 .50 
- 2.00 

-8192 —4096 0.000 4096 8192 

BIN 


(tol 4-Bit LSB) 



DIFFERENTIAL NONLINEARITY ERROR 

2.00 
1.50 

1.00 
w 0.50 
0.00 
-0.50 
- 1.00 

-8192 -4096 0.000 4096 819 

BIN 


(to 14-Bit LSB) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V cc = ±15V unless otherwise noted. Histograms done with Conversion Time = fyis. 


SPECTRAL RESPONSE, f IN = 1kHz SPECTRAL RESPONSE, f IN = 20kHz 



0 25 50 75 100 0 25 50 75 100 


Frequency (kHz) Frequency (kHz) 


SPECTRAL RESPONSE, f IN « 1kHz SPECTRAL RESPONSE, f |N = 20kHz 



0 25 50 75 100 0 25 50 75 100 


Frequency (kHz) Frequency (kHz) 
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THD+N (%) THD+N (%) THD+N (%) 
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TYPICAL 

PERFORMANCE CURVES (CONT) 

T a = +25°C, V cc = ±15V unless otherwise noted. 



2 4 6 8 10 

Convert Time (ps) 



2 4 6 8 10 


Convert Time (ps) 



2 4 6 8 10 

Convert Time (ps) 


THEORY OF OPERATION 

The PCM78P is a successive approximation A/D converter; 
this type of converter is well suited to high speed and 
resolution. The accuracy of a successive approximation 
converter is described by the transfer function shown in 
Figure 1. All successive-approximation A/D converters 
have an inherent quantization error of ±1/2LSB. The 
remaining errors in the A/D converter are combinations of 
analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, Offset, 
Linearity, Differential Linearity, and Power Supply Sensi- 
tivity. Gain drift over temperature rotates the line (Figure 1) 
about zero, and Offset drift shifts the line left or right over 
the operating temperature range. Total Harmonic Distortion 
+ Noise (THD + N) is a measure of the magnitude and 
distribution of the Linearity Error, Differential Linearity 
Error, and Noise, as well as quantization errors. The 
THD+N specification is most useful in audio or dynamic 
signal processing applications. To be useful, THD + N 
should be specified for both high level and low level input 
signals. This error is unadjustable and is the most meaning- 
ful indicator of A/D converter accuracy for dynamic 
applications. 

DYNAMIC RANGE 

Dynamic range is a measure of the ratio of the smallest 
signals the converter can resolve to the full scale range and 
is usually expressed in decibels. The theoretical dynamic 
range of a converter is approximately 6 X n, where n is the 
number of bits of resolution. A 16-bit converter would thus 
have a theoretical dynamic range of 96dB. The actual useful 
dynamic range is limited by noise and linearity errors and 
is therefore somewhat less than the theoretical limit. 
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FIGURE 2. Block Diagram of Distortion Test Circuit. 


DISCUSSION OF 
SPECIFICATIONS 

TOTAL HARMONIC DISTORTION 

Evaluating distortion specifications can be a difficult task, 
as distortion is often specified in different ways. Total 
Harmonic Distortion (THD) is defined as the ratio of the 
square root sum of the squares of the value of rms harmonics 
to the value of the rms fundamental and is expressed in 
percent or dB. Note that this measurement only includes 
energy present in those frequencies which would contain 
harmonics, and therefore is less than Total Harmonic 
Distortion plus Noise. 

The Total Harmonic Distortion plus Noise (THD + N) is 
defined as the ratio of the square root of the sum of the 
squares of the value of the rms harmonics and rms noise to 
the value of the rms fundamental and is expressed in percent 
or dB. This is the most meaningful measurement of a 
dynamic converter’s performance because it includes all 
energy present in the signal that is not fundamental. A block 
diagram of the test circuit used to measure the THD and 


THD + N of the PCM78 is shown in Figure 2. This digital 
system is capable of differentiating harmonic energy and 
noise; conventional distortion analyzers which operate on a 
tracking notch filter principle cannot distinguish this energy, 
and therefore only measure THD + N. Unfortunately, in the 
past, these systems were used for measuring distortion 
performance of converters, and the distortion was often 
simply specified as “THD”, when in fact it was really THD 
+ N. For this reason, it is often confusing to compare 
specifications of converters unless one knows exactly what 
was being measured. 

If we assume that the error due to the test circuit of Figure 
2 is negligible, then the rms value of the PCM78 error 
referred to the input can be shown to be 


lI[E L (i) + E Q (i) + E N (i)] 


THD + N : 


-X100%| 


where N is the number of samples, E L (i) is the linearity 
error at each sample, E Q (i) is the quantization error at each 


B&K 

Digital 

Oscillator 


Sync 


1 

m 


■ 














Convert Command 


Timing 


HP-330 

Scientific 

Computer 


Serial-To-Parallel 


^ -j. 


64k 

Memory 


T~T 


FIGURE 3. Block Diagram of Histogram Test. 
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t Convert 
Command 


Shibasoku 

AG16A 


Deglitcher Control 


Shibasoku 

AG16A 


Toko Model 
298BLR-002N 
or PCM11 or 
Equivalent 


Program- 
mable 
Gain Amp 


LOW-PASS FILTER 
CHARACTERISTICS 



10 

Frequency (MHz) 


FIGURE 4. Production Distortion + Noise Test System Block Diagram. 


Reference | 
Clock I 


— H H -- 50ns 


For the PCM78 the test sampling frequency was chosen to 
be 200kHz, near the PCM78’s fastest rate of conversion. 
The test frequencies used vary within the audio range, and 
are stepped in amplitude from OdB, to -20dB, to -60dB. 

In manufacturing the PCM78, the test system shown in 
Figure 4 is used to test for guaranteed THD + N. 


1234 151617 


—►I — 500ns 


C 

(Data Latch) 

D 

(Deglitcher 

Control) 


FIGURE 5. Timing Diagram for Figure 4. 

sample, and E N (i) is the residual noise energy present at each 
sample. Similarly, THD alone can be expressed as 




THD = v X 100% 

11 rms 

These expressions indicate that there is a correlation 
between THD + N and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
In order to find this error at each code, a histogram test must 
be performed on the PCM78, as illustrated in Figure 3. The 
histogram for every converter is unique, as the linearity 
errors from converter to converter will vary in their 
placement along the transfer function. Typical histogram 
data is shown in the Typical Curves. 

However, this expression for THD + N does not mean that 
the worst case linearity error of the A/D is directly 
correlated to the THD + N because the digital output words 
from the A/D vary according to the amplitude and frequency 
of the sine wave input as well as the sampling frequency. 


ACCURACY VS CONVERSION 
TIME AND INPUT SIGNAL LEVEL 

The relationship of THD vs input signal level and THD vs 
conversion time is shown is the typical curves. Slowing the 
conversion time to more than 8ps results in little added 
benefit in terms of THD + N. 

For applications which are not as concerned with dynamic 
performance but require DC accuracy and linearity, it is best 
to use the PCM78 at the longest conversion time possible 
for the system requirements. Slowing the PCM78 to 8ps- 
lOps conversion time results in a substantial improvement 
in linearity. The typical curves show DNL and INL plots for 
a typical device, at an 8ps conversion time. Due to the 
segmented architecture of the internal DAC used in the 
successive approximation conversion technique, significant 
differential linearity errors occur near bits 3 and 4. Allowing 
more settling time for the DAC (by slowing the conversion 
speed) will improve this differential linearity error and give 
equivalent performance to more costly DC-specified 12-bit 
to 14-bit A/D converters. 

SYSTEM DESIGN 
CONSIDERATIONS 

DIGITAL CIRCUIT CONNECTIONS 

The PCM78 comes complete with an internal clock circuit, 
or it may be clocked by an external clock. Choosing which 
mode to operate with depends upon the application for 
which the PCM78 will be used. In an application where the 
sample rate may not be fixed (transient recording, etc.), 
using the internal clock set to give a very fast conversion 
may be the best solution. In systems where the sample rate 
is fixed, an external clock is probably the better choice since 
it will allow the digital system design to be synchronous. 
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In either case, the PCM78 requires 17 clock cycles to 
complete a conversion. To calculate the clock frequency 
necessary for a given conversion time, the following 
equation may be used: 

f = iz 

clock Conversion Time 

The internal clock operates only during a conversion, and is 
gated on by the falling edge of the convert command. See 
Figure 6. The internal clock is available on pin 10, Clock 
Out. The high and low time of this clock is set by R,C 1 and 
R 2 C 2 respectively. The duty cycle of the clock should be 
between 20% to 80%, and may be set to 50% for simplicity. 

Clock High Time (in ns) = 1.32RJC, 

Clock Low Time (in ns) = 1.32R 2 C 2 
R in k£2; C in pF. 

These equations are approximate (±5%); they should be 
used for determining an initial part value which will then 
need to be “tweaked” for accurate timing. If highly accurate 
time bases are required, use of an external clock is 
recommended. 

The external clock is applied at pin 16, and the Int/Ext Clock 
select (pin 17) should be left open (an internal pull-up 
resistor assures that the logical state of an open pin is “1”). 
Using the external clock requires careful placement in time 
of the convert command. Figure 7 diagrams the recom- 
mended timing with an external clock. A simple circuit 
which assures the proper timing of the convert command is 
shown in Figure 8. 


Due to the design of the Clock/Logic chip in the PCM78, 
a conversion is begun inside the PCM78 by an asynchro- 
nous state machine. This places stringent requirements on 
the timing of the convert command, as improper timing can 
cause metastable states within this state machine. Using the 
circuitry shown in Figure 8, the user is assured of consistent 
operation, and these invalid states within the state machine 
are entirely avoided. (Note that this is not a consideration 
when using an internal clock, as nothing is being clocked 
when a convert command is presented to the PCM78). 

The Clock Out function is a gated form of the external 
clock, i.e. the 17 clock cycles used in the conversion are 
present on this pin during conversion. This allows use of a 
continuous external clock, with Clock Out being the clock 
that the converter is actually using for conversion. Note that 
this is simply a delayed (~24ns) version of the external 
clock, and will have the same frequency and duty cycle. 

The S OUT2 Latch enables the user to latch data from the 
previous conversion and read it out at a higher speed than 
the convert clock. This feature allows the converter to easily 
interface to digital filtering necessary for oversampling. See 
Figure 9 for timing information in this mode. 

In this mode, the PCM78 generates its own internal convert 
command when the S 0UT2 Clock goes high within ±50ns of 
S 0 ut 2 Latch going low; the external convert command may 
not be used, and pin 19 must be grounded. The timing 
diagram shows the recommended timing for using this 
mode. After the S 0UT2 Latch control signal goes low, data 
from the S AR is loaded into the S OUT2 latch on the next rising 
edge of the S QUT2 Clock. This clock edge should occur prior 
to the next rising edge of the conversion clock (internal or 
external), since the S AR will reset itself prior to the latching 



T a = +25°C, V DD = +5V, guaranteed by sample testing: these parameters are not 1 00% tested in production. 



NOTE: (1 ) When using the internal clock, the clock does not operate until the Convert Command is low. It is therefore possible to keep the convert command 
high indefinitely, thereby keeping the PCM78 in a halt mode. The conversion cycle begins on the falling edge of convert command, and convert command must 
remain low during the entire conversion cycle in order to make the PCM78 operate properly. 

FIGURE 6. Conversion Timing when using Internal Clock. 
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T a = +25°C, V DD = +5V, guaranteed by sample testing; these parameters are not 100% tested in production. 


TIME 

DESCRIPTION 

TIME (ns) 

MIN 

TYP 

MAX 

T, 

EXTERNAL CLOCK pulse width 

50 

125 

(i) 

T 2 

EXTERNAL CLOCK period 

140 

290 

(i) 

L 

Delay from falling edge of EXTERNAL CLOCK to rising edge of CONVERT COMMAND 

-30 

0 

420 

t 4 

CONVERT COMMAND pulse width 

10 

50 

200 

L 

Delay from falling edge of CONVERT COMMAND to rising edge of EXTERNAL CLOCK 

20 

50 

430 

T 6 

Delay from falling edge of CONVERT COMMAND to rising edge of CLOCK OUT 

40 

75 

460 

U 

Delay from rising edge of CLOCK OUT to rising edge of STATUS 

6 

10 

30 

t 8 

Delay from rising edge of CLOCK OUT to bit data valid 

15 

17 

20 

L 

Delay from rising edge of 17th clock pulse to falling edge of STATUS 

8 

10 

30 


NOTE: (1) 
period may 


The PCM78 does not contain dynamic digital circuitry, and can be clocked as slowly as the user wishes. In typical applications, the longest clock 
be as long as 1 ps. 


FIGURE 7. Conversion Timing when using External Clock. 


if the convert clock rises before the S OUT2 Clock. This 
condition is avoided as long as the frequency of S OUT2 Clock 
is at least 1.5 times that of the conversion clock. 

The internal convert command is generated upon S 0UT2 
Latch going low, and its falling edge occurs upon the first 
falling edge of S OUT2 Clock after S 0UT2 Latch goes low. S OUT2 
Latch should remain low for at least 2 cycles of S QUT2 Clock 
to insure proper latching. In many applications, the S QUT2 
Latch can be the 2f s signal present in many digital audio 
systems, typically known as WDCK. Figure 10 includes an 
example of this application. 


The data read out on S OUT2 is from the conversion previously 
performed, while the data that is present on S OUT1 is the real 
time readout of the successive approximation as it occurs. 

SHORT CYCLE 

The PCM78 has the ability to be short cycled to a resolution 
less than 16 bits. This is accomplished by driving the Short 
Cycle pin (pin 18) low when the conversion is to be 
terminated, and holding it low until the next convert 
command is given. The circuit in Figure 1 1 will accomplish 
this function. 



FIGURE 8. Convert Command Timing Circuit for Use with External Clock. 
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T a = +25°C, V cc = +5V, guaranteed by sample testing; these parameters are not 100% tested in production. 


TIME 

DESCRIPTION 

TIME (ns) | 

MIN 

TYP 

MAX 

T 1 

S 0UT2 Latch pulse width 

50 

100 



S oui2 cl0Ck c V cle 


24 


U 

Delay from rising edge of CLOCK OUT to bit data valid 



30 

t 4 

Delay from rising edge of S 0UT2 Clock to rising edge of Ext Clock 

50 

| 125 



FIGURE 9. Timing when using S OUT2 Latch. 




FIGURE 1 1 . Short Cycle Circuit. 
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If Short Cycle is not held low until the next convert 
command is issued, the Status line will go high in 
synchronization with Short Cycle. This is because the 
operation of the Status line becomes invalid after Short 
Cycle is asserted. An example of the Short Cycle operation 
is shown in Figure 12. 

In those systems where a user may not be using a continuous 
external clock, it is necessary to assure that a falling edge 
of external clock occurs after short cycle goes low. This is 
because conversion actually stops on the first falling edge 
of external clock after Short Cycle goes low. 

ANALOG CIRCUIT CONSIDERATIONS 
Layout Precautions 

Analog and Digital Common are connected internally in the 
PCM78, and should be connected together as close to the 
unit as possible, preferably to a large ground plane under the 
ADC. Low impedance analog and digital common returns 
are essential for low noise performance. Coupling between 
analog inputs and digital lines should be minimized by 
careful layout. The input pin (pin 1) and the MSB adjust pin 
(pin 3) are both extremely sensitive to noise; digital lines 
should be kept away from these pins to avoid coupling 
digital noise into the sensitive analog circuitry. 

Contact factory for a recommended PCB layout for the 
PCM78. 

Power Supply Decoupling 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 13 to obtain noise 
free operation. These capacitors should be located as close 
to the ADC as possible. Bypass the lpF electrolytic 
capacitors with 0.0 lpF ceramic or polystyrene capacitors 
for improved high frequency performance. 



FIGURE 13. Recommended Power Supply Decoupling. 


Reference Decoupling and Speed Up 

In order to assure the lowest noise operation of the PCM78, 
the reference may be bypassed by three different capacitors. 
Pin 25 is a decoupling point for the reference to -V cc . The 


decoupling capacitor should range from 0.1 pF to 4.7pF; 
larger values can cause reference settling problems which 
may manifest themselves as missing codes. This capacitor 
should be as close to the PCM78 as possible, to minimize 
the potential for coupling noise into the device; with a good 
board layout it may be best to leave this capacitor out of the 
circuit altogether, as the extra lead length may only cause 
more noise in the reference. 

Pin 27 is a decoupling point to ground, as well as the output 
of the 2V reference. This point should not be used to supply 
reference voltage to external circuitry unless it is buffered. 
A 2.2 jjF capacitor is recommended, and the capacitor used 
here should not exceed 4.7pF. 

Pin 28, the Speed Up pin, allows a capacitor to be connected 
to ground to facilitate reference settling. This does not speed 
up the conversion time, but it does reduce odd order 
harmonic distortion. As with the decoupling capacitor on 
pin 25, this may also contribute to noise; if harmonic content 
is most important in an application, this capacitor (0.1 pF - 
IOjjF) should be connected. In all other cases, it is best to 
leave the capacitor out of the circuit. 

Input Scaling 

The analog input should be scaled as close to the maximum 
input signal range as possible in order to utilize the 
maximum signal resolution of the A/D converter. The DAC 
inside the PCM78 has a ±2mA range, and the nominal ±3V 
input is scaled by a 1 .5kQ resistor. In order to scale to other 
ranges, see Table I for recommended scaling resistor values, 
connected as shown in Figure 14. 



TABLE I. PCM78 Input Scaling Resistor Values. 



i ^ 


*1ki2 R 

‘Use to trim for exact scaling. Use 
trim pot with temperature coefficient 
of 1 00ppm/°C or better. 

PCM78 


FIGURE 14. PCM78 Input Scaling Circuit. 

INPUT IMPEDANCE 


The input signal to the PCM78 should come from a low 
impedance source, such as the output of an op amp, to avoid 
any errors due to the dynamic input impedance that a 
successive- approximation converter presents to the the 
outside world because of the changing currents in this circuit 
during conversion as the converter steps through its 
approximations. 

If the driving circuit output impedance is not low, a buffer 
amplifier should be added between the input signal and the 
direct input to the PCM78 as shown in Figure 15. 
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FIGURE 15. Buffer Amplifier for PCM78 Input. 


MSB Adjustment 

Differential Linearity errors at bipolar zero and THD are 
guaranteed to meet data sheet specifications without any 
external adjustment. However, a provision has been made 
for an optional adjustment of the MSB linearity point which 
makes it possible to eliminate DLE error at BPZ. This is 
important when the signal level is very low, because zero 
crossing noise (DLE at BPZ) becomes very significant when 
compared to the small codes changes occurring in the LSB 
portion of the converter. 

The PCM78 is laser trimmed for best performance at the 
factory without the MSB adjust circuitry installed; if better 
performance can be obtained it would be by the addition of 
the MSB adjust circuitry shown in Figure 16. 

The best method of adjusting the MSB is by using a real time 
FFT routine to monitor the levels of odd order harmonics 
when a sine- wave is being digitized by the PCM78. 
Adjusting the potentiometer in Figure 16 will allow the user 
to reduce the magnitude of odd-order harmonics. 

An alternate method is to recontruct the data out of the 
PCM78 through a DAC, and measure THD+N on a 
conventional distortion analyzer. Adjust the potentiometer 
for minimum THD+N. 



FIGURE 17. PCM78 Interface to TMS320C25/C30 DSP 
Processors. 



FIGURE 1 8. PCM78 Interface to Motorola DSP56001 DSP 
Processor. 


V pp V pnT 

200k£2 220kft ™ 

w i 

MSB ADJ i 

V vvv 

1MQ 

(27 


FIGURE 16. MSB Adjust Circuit. 

APPLICATIONS INFORMATION 


A typical digitization circuit, used on the demonstration 
board available for the PCM78, is shown in Figure 20. The 
connections and part values shown in this circuit have been 
optimized for the best THD+N performance at a 200kHz 
sample rate. 

The PCM78 may be interfaced to many popular digital 
signal processors, such as the TMS320, DSP56001, and the 
DSP32. Suggested interface circuits for these processors are 
shown in Figures 17-19. 



FIGURE 19. PCM78 Interface to AT&T DSP16 & DSP32C 
Processors. 
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FIGURE 20. Schematic for Demonstration Board (DEMI 122). 
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BURR - BROWN® 



PCM1750P 

PCM1750U 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


Dual CMOS 18-Bit Monolithic Audio 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


• DUAL1 8-BIT LOW-POWER CMOS AUDIO 
A/D CONVERTER 

• FAST 4.5jis MIN CONVERSION TIME 
INCLUDING S/H 

• VERY LOW MAX THD+N: -88dB Without 
External Adjust 

• COMPLETE WITH INTERNAL 
REFERENCE AND DUAL S/H FUNCTION 

• TWO CO-PHASE SAMPLED, ±2.75V 
AUDIO INPUTS 

• CAPABLE OF 4X PER CHANNEL 
OVERSAMPLING RATE 

• RUNS ON ±5V SUPPLIES AND 
DISSIPATES 300mW MAX 

• COMPACT 28-PIN PLASTIC DIP OR SOIC 


DESCRIPTION 

The PCM 1750 is a low cost, dual 18-bit CMOS 
analog-to-digital converter optimized for dynamic sig- 
nal applications. The PCM1750 features true co-phased 
inputs with an internal sample/hold function for each 
channel. The PCM 1750 also comes complete with an 
internal reference. Total power dissipation is less than 
300mW max using ±5V voltage supplies. Low maxi- 
mum Total Harmonic Distortion + Noise (-88dB max) 
is 100% tested. The very fast PCM 1750 is capable 
of 4X x audio bandwidth oversampling rates on both 
input channels simultaneously, providing greater free- 
dom to designers in selecting input anti-aliasing fil- 
ters. 

PCM1750 outputs serial data in a format that is com- 
patible with many digital filter chips and comes pack- 
aged in a space saving 28-pin plastic DIP or SOIC. 


MSB Adj Left O — 


Offset Adj Left O — 


Squt Left O 


Offset Adj Right 



Shift Register ° Cl0ck 

Control Logic O Convert 
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SPECIFICATIONS 


ELECTRICAL 

At 25°C, and ±V A = ±5.0V; +V D = +5.0V, unless otherwise noted. Where relevant, specifications apply to both left and right input/output channels. 




PCM1750P, U 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


18 



Bits 

DYNAMIC RANGE 

THD + N at -60dB Referred to Full Scale 

+88 

+90 


dB 

ANALOG INPUT 

Input Range 



±2.75 


V 

Input Capacitance 



20 


pF 

Aperture Delay 



10 


ns 

Aperture Uncertainty (Jitter) 



50 


P S rms 

Full Power Input Bandwidth 



500 


kHz 

DIGITAL INPUT/OUTPUT 






Logic Family 


CMOS Compatible 


Logic Level: V IH 

I ih = ±5mA 

+3.5 


+V D + 0.3 

V 

V 1L 

l (L = ±5pA 

-0.3 


+1.5 

V 

V OH 

'sOURCE = 1 -0 m A 

+2.7 

+4.7 


V 

V OL 

'sink = 3.2mA 


+0.2 

+0.4 

V 

Output Data Format 


Serial, MSB First, BTC (1) 


Convert Command 



Positive Edge 



Convert Command Pulse Width 



81 


ns 

Conversion Time 

Throughput Including Sample/Hold (2) 

4.5 

5.2 

20.8 

ps 

DYNAMIC CHARACTERISTICS (20Hz to 24kHz; 4X data decimated to 1 X) | 





Signal-to-Noise Ratio (3) 

fs o 192kHz (4) ; f 1N = 1kHz (0dB) (5) 

+88 

+90 


dB (6) 

Total Harmonic Distortion + N (7) 

Without External Adjustments 





f IN = 1 kHz (OdB) 

fs = 192kHz 


-90 

-88 

dB 

f |N = 1 kHz (-20dB) 

fs = 192kHz 


-70 

-68 

dB 

f IN = 1kHz (-60dB) 

fs= 192kHz 


-30 

-28 

dB 

Channel Separation 

fs = 1 92kHz; f (N = 1 kHz (OdB) and 0V 

+96 

+108 


dB 

ACCURACY 

Gain Error 



±2 

±5 

% 

Gain Mismatch 

Channel to Channel 


±0.5 

±2.0 

% 

BPZ (Bipolar Zero) Error* 8 * 



±2 


mV 

BPZ Error Mismatch 

Channel to Channel 


±3 


mV 

BPZ Differential Linearity Error (9) 



±0.002 


% of FSR (10) 

Linearity Error 



±0.003 


% of FSR 

Warm-up Time 



1 


ms 

DRIFT (With Internal Reference) 

Gain 

0°C to 70°C 


±50 


ppm/°C 

Bipolar Zero 

0°C to 70°C 


±10 


ppm of FSR/°C 

DRIFT (Exclusive of Internal Reference) 

Gain 

0°C to 70°C 


±10 


ppm/°C 

Bipolar Zero 

0°C to 70°C 


±3 


ppm of FSR/°C 

REFERENCE 






V REF Output (Pins 19, 24): 

Voltage 



+2.75 


V 

Current 



±100 


pA 

Impedance 



0.2 


a 

Accuracy 



±25 


mV 

Drift 

0°C to 70°C 


±50 


ppm/°C 

V REF Input (Pins 18, P25): 

Impedance* 1 



363||120 


nil pf 

POWER SUPPLY REJECTION 

% of V IN / % of V SUPFLY < 12 > 


0.03 


% / % 

POWER SUPPLY REQUIREMENTS 

±V A Supply Voltage Range 


±4.75 

±5.00 

±5.25 

V 

+V D Supply Voltage Range 


+4.75 

+5.00 

+5.25 

V 

+I A ; +I D Combined Supply Current 

+V ; +V D = +5.0V 


+28 


mA 

-l A Supply Current 

-V A = —5.0V 


-13 


mA 

Power Dissipation 

±V a = ±5.0V; +V d = +5.0V 


210 

300 

mW 

TEMPERATURE RANGE 

Specification 


0 


+70 

°C 

Operating 


-40 


+85 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1) Binary Two’s Complement coding. (2) The PCM1750 is tested and guaranteed at 5.2ps, however it will operate at 4.5ps. The dynamic performance is not 
guaranteed or tested at this conversion rate. (3) Ratio of Signal RMS / (Distortion RMS + Noise RMS ). (4) A/D converter sample frequency (4 x 48kHz; 4X oversampling per 
channel). (5) A/D converter input frequency (signal level). (6) Referred to input signal level. (7) Ratio of (Distortion RMS + Noise RMS ) / Signal RMS . (8) Externally adjustable 
to zero error. (9) Differential non-linearity error at bipolar major carry input code. Externally adjustable to zero error. (1 0) Full scale range (5.50V). (11) Refer to equivalent 
circuit in Figure 1 . (12) Worst case operating condition. Refer to typical performance curves. 
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PIN ASSIGNMENTS 


H 

DESCRIPTION 

MNEMONIC 

i 

-5V Analog Supply Voltage 

-v A 

2 

+5V Analog Supply Voltage 

+v A 

3 

Serial Output (Left Channel) 

SOUTL 

4 

External Clock Input 

CLK 

5 

+5V Analog Supply Voltage 

+V A 

6 

+5V Digital Voltage Supply 

+V D 

7 

+5V Digital Voltage Supply 

+V D 

8 

Digital Common Connection 

DCOM 

9 

Analog Common Connection 

ACOM 

10 

Digital Common Connection 

DCOM 

11 

Convert Command Input 

CONVERT 

12 

Serial Output (Right Channel) 

SOUTR 

13 

+5V Analog Supply Voltage 

+V A 

14 

-5V Analog Supply Voltage 

-v A 

15 

Offset Adjust (Right Channel) 

off adjr 

16 

MSB Adjust (Right Channel) 

msb adjr 

17 

Analog Voltage Input (Right Channel; ±2.75V) 

V, NR 

18 

Reference Voltage Input (Right Channel) 

vref (NR 

19 

Reference Voltage Output (Right Channel) 

VREF 0UTR 

20 

Analog Common Connection 

ACOM 

21 

Reference Voltage Decouple 

VREF CAP 

22 

Reference Common Connection 

RCOM 

23 

Analog Common Connection 

ACOM 

24 

Reference Voltage Output (Left Channel) 

VREF outl 

25 

Reference Voltage Input (Left Channel) 

VREF )NL 

26 

Analog Voltage Input (Left Channel; ±2.75V) 

V 1NL 

27 

MSB Adjust (Left Channel) 

msb adjl 

28 

Offset Adjust (Left Channel) 

off adjl 


ABSOLUTE MAXIMUM RATINGS 


Analog Input Voltage (V IN ) -V A -0.3V to +V A + 0.3V 

+V A ; +V D to ACOM/DCOM 0 to +7V 

-V A to ACOM/DCOM 0 to -7V 

— V A to +V A ; +V 0 0 to +1 4V 

ACOMto DCOM ±1V 

Digital Inputs (pins 4, 1 1 ) to DCOM -0.3V to +V D + 0.3V 

Power Dissipation 400mW 

Lead Temperature, (soldering 10s) +300°C 

Max Junction Temperature 165°C 

Thermal Resistance, 0 JA : Plastic DIP 80°C/W 

Thermal Resistance, 0 JA : Plastic SOIC 100°C/W 


NOTE: Stresses above those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

PCM1750P 

28-Pin Plastic DIP 

215 

PCM1750U 

28-Pin Plastic SOIC 

217 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

PCM1750P 

PCM1750U 

28-Pin Plastic DIP 
28-Pin Plastic SOIC 


TYPICAL PERFORMANCE CURVES 

At 25°C, and ±V A = ±5.0V; +V D = +5V, unless otherwise noted. Where relevant, specifications apply to both left and right input output channels. 


THD+N vs FREQUENCY 
(With 4X Digital Filter) 
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The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES (CONT) 

At 25°C, and ±V A = ±5.0V; +V D = +5.0V, unless otherwise noted. Where relevant, specifications apply to both left and right input-output channels. 


THD vs FREQUENCY 
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Frequency (kHz) 


THD vs FREQUENCY 
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PSR vs FREQUENCY 
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V REF vs TEMPERATURE 
(V REF Outputs) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At 25°C, and ±V A ; +V D = ±5V, unless otherwise noted. Where relevant, specifications apply to both left and right input-output channels. 


FFT 20kHz (24kHz BW; 2048 POINTS) 

0 


cq -50 



0 5 10 15 20 24 


Frequency (kHz) 



FFT 3.7kHz (96kHz BW; 2048 POINTS) 
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THEORY OF OPERATION 

OVERVIEW 

The PCM 1750 is a dual 18-bit successive approximation 
CMOS analog-to-digital converter with serial data outputs 
designed especially for digital audio and similar applica- 
tions. The single-chip converter is fabricated on a 3 p P-well 
CMOS process which includes poly-poly capacitors, laser- 
trimmable nichrome resistors, and two layers of interconnect 
metal. The dual converter employs a switched capacitor 
architecture which provides separate, simultaneous S/H 
(sample/hold) functions for each input channel. The separate 
S/H for each channel results in a desired feature called 


co-phase sampling which means that both S/H circuits are 
switched at the same time into the HOLD mode to capture 
their respective input signals simultaneously. This elimi- 
nates phasing errors produced by alternative architecture 
ADCs which do not sample the two input channels at the 
same time. 

Switched binary-weighted poly-poly capacitors are used in 
CDAC (capacitive digital-to-analog converter) configura- 
tions to form the successive approximation converter sec- 



FIGURE 1. PCM 1750 Simplified Circuit Diagram. 
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tions of the PCM1750. Two other switched-capacitor TDACs 
(trim-DACs, which employ laser-trimmed nichrome resis- 
tors) are also used to provide small correction voltages to the 
latching comparators. These small correction voltages com- 
pensate for ratio matching errors of the binary-weighted 
capacitors in the CD AC. The comparators contain autozeroed 
preamplifier stages ahead of the latching amplifier stage to 
produce a one bit, serial data stream that controls the 
successive approximation algorithm for each channel of the 
PCM1750. 

To simplify user application, the PCM 1750 includes an 
internal band-gap reference with fast settling buffer amplifi- 
ers to drive the CDACs. The dual converters operate syn- 
chronously (to minimize digital noise conversion errors) 
using an external system clock (normally at IX, 2X or 4X 
the standard 48kHz audio sampling rate). By operating at a 
2X or 4X oversampling rate the roll-off requirement for the 
input anti-aliasing filters is relaxed. For example, IX sys- 
tems typically use a 9 to 11 pole LPF (low pass filter) 
whereas a 4X system can use a 6th (or smaller) order filter 
when an appropriate digital filter such as the DF1750 is used 
in conjunction with the sampling system. Oversampling also 
has the added benefit of improved signal to noise ratio and 
total harmonic distortion. Two serial outputs, one for each 


input channel, provide binary-two’ s-complement coded out- 
put to an optional external digital decimation filter when 
over sampling operation is desired. The use of the optional 
companion digital filter, the DF1750, is described later in 
the installation and application sections of this product data 
sheet. A separate product data sheet is also available for the 
Burr-Brown DF1750 giving all the specifications and per- 
formance diagrams associated with this digital filter. 

SAMPLE (TRACKING) MODE 

After each conversion, the dual ADC returns to the SAMPLE 
mode in order to track the input signals. The switches shown 
in the simplified circuit diagram of Figure 1 will then be in 
the following states: SI connects V IN to Cl ; S2 to S18 
connect C2 to C 1 8 to V REF ; HI and H2 connect the top plates 
of the capacitor arrays to analog common; and the latching 
comparator is switched into its auto-zero mode by closing 
AZ1 to AZ4. Notice that Cl serves two purposes: it samples 
and stores the input signal V IN and it is the MSB of the 
CD AC. Storing V REF on C2 to Cl 8 creates a bipolar offset, 
enabling V IN to cover a span from — V REF to +V REF . 

The 1/f noise as well as the DC input offset voltage of the 
comparator are removed by an autozeroing cycle which 


64 1 2 3 4 5 6 7 8 9 10 11 12 1314 1516 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 1 2 



* Clock from optional digital filter chip (DF1750 4x decimation filter). 


FIGURE 2. PCM 1750 Input/Output Timing Diagram. 
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occurs during the SAMPLE period (see the timing diagram 
shown in Figure 2). These errors are stored on the AC 
coupling capacitors (CAZ1 to CAZ4, shown in Figure 1) 
between the gain stages. During the SAMPLE period the 
inputs to gain stages A1 and A2 and the latch are grounded 
by switches HI, H2, and AZ1 to AZ4. Capacitors CAZ1 and 
CAZ2 track the amplified offset voltage of gain stage A1 
and capacitors CAZ3 and CAZ4 do the same for A2. At the 
beginning of a conversion cycle, the autozeroing switches 
open and the instantaneous amplified value of both the DC 
offset voltage and the low-frequency flicker noise is stored 
on the coupling capacitors to produce zero comparator offset 
during a conversion cycle. 

SUCCESSIVE APPROXIMATION 
CONVERSION PROCESS 

The timing diagram in Figure 2 illustrates the successive 
approximation routine of the PCM 1750. Control signals 
CONVERT and CLK are derived from a master system 
clock which comes from a 256f s (256 X the base sampling 
frequency of 48kHz) clock used by the optional digital filter. 
There are 64 clocks shown in the timing diagram because the 
PCM 1750 is shown operating at 4 times the standard 48kHz 
sample rate (192kHz). 

Several events occur on the rising edge of the CONVERT 
command. Switches AZ1 to AZ4, HI and H2 open and 
switch SI reconnects the MSB capacitor, Cl, from V IN to 


analog common (see Figure 1). This terminates the com- 
parator auto-zero cycle and simultaneously switches (co- 
phase sampling) both converters from tracking their respec- 
tive input signals into the HOLD mode, thus capturing the 
instantaneous value of V IN (with a small delay specified as 
the aperture time). 

At the start of a conversion cycle when SI is switched to 
analog common, the sampled input signal V IN will appear at 
the comparator input as -V IN /2 due to the 2-to-l capacitive 
divider action of Cl = C2 + C3 + ... Cl 8. In a somewhat 
similar manner, V M is transferred to the comparator input 
as -V ref /2 to create a bipolar offset. 

The 19-bit shift register, shown in Figure 4, controls testing 
of the bits of the dual ADCs beginning with bit-1 (MSB) and 
proceeding one bit at a time to bit- 18 (LSB), leaving ON 
those bits that don’t cause the cumulative value of the 
CDAC to exceed the original input value and leaving OFF 
those bits that do. Since the bits of both channels are tested 
together, only one shift register is required to control both 
ranks of 18 data latches. 

For example, the testing of bit-2 proceeds in the following 
manner. The positive pulse from the second shift register 
element SR2, (see Figure 2 and 4) is applied to the bit-2 data 
latch and NOR gate. The NOR gate in turn drives S2 and 
switches bit-2 at the beginning of the bit-2 test interval. Note 
that the bit interval must be long enough to allow both the 
comparator input to settle and the comparator to respond. On 
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PARAMETER 


DESCRIPTION 


MIN 

NOMINAL 

MAX UNITS 

T1 (1 x TREF) 

Convert Command High 

24 

33 

55 % of T4 

T2 (6 x TREF) 


S/H Acquisition Time 


420 

486 


ns 

T3 (4 x TREF) 


Convert to Clock time 


281 

326 

1302 

ns 

T4 (3 x TREF) 


Master Clock Input 


211 

244 

977 

ns 

T5 (lx TREF) 


Clock High 


24 

33 

55 % of T4 

T6 (2 x TREF) 


Clock Low 


45 

67 

76 % of T4 

T7 


Data Hold Time 


10 



ns 

T8 


Data Setup Time 




100 

ns 

T9 


Data Valid Time 


120 

154 

1212 

ns 

TCONV (64 x TREF) 

Conversion Throughput Time 

4.5 

5.2 

20.8 

ps 

TREF (Sample Rate /64) 


Ext Digital Filter Clock 


70 

81 

326 

ns 

Note: The nominal timing shown in this diagram is all done automatically by the DF1 750 digital filter. Only the 

optional digital filter clock is required when the DF1750 is used. 





FIGURE 3. PCM1750 Setup and Hold Timing Diagram. 
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the next rising edge of CLKIN, at the end of the test interval, controlled process, ratio matching is typically 0.1% — a 

the comparator latch is strobed, providing a feedback logic very respectable number for an untrimmed component. Even 

level which tells the second data latch if bit-2 should be kept more impressive is their ratio tracking versus temperature of 

or rejected. This logic level is stored in the data latch and is approximately 0.1ppm/°C. 

passed on to switch S2 via the NOR gate on the falling edge Achie ving DLE (differential linearity error) of less than 1/2 

of the pulse from SR2. This decision to keep or reject bit-2 LSB at the 16-bit level requires ratio matching of the more 

moves the comparator input closer to a null condition, significant bits t0 about 0 .001%. Since the untrimmed ratio 

namely, zero potential. This sequential process continues for matching of poly capac itors is about two orders of magni- 
bit-3 through bit-18 and nulls the comparator inputs to tude larger than this requirement, a one-time factory calibra- 

within a value limited by the total system noise and the tion of the upper bits is required as described in the nex t 

resolution/speed of the comparator. section. Next consider the effect of temperature due to the 

Notice from the timing diagram in Figure 2 that the succes- ratio tracking of 0.1ppm/°C. Over a 50°C span, DLE will 

sive approximation algorithm operates synchronously with change less than 1LSB at 18-bits; therefore, recalibration at 

an external clock to minimize digitally-coupled switching temperature extremes is not necessary. Because of this 

noise from corrupting either the sample-to-hold operation or excellent stability versus temperature (and versus time, also), 

the critical comparator bit decisions. The two serial output the one-time factory calibration to correct initial DLE is 

data streams are derived synchronously from the respective more than satisfactory in meeting the accuracy requirements 
latched comparator outputs and are available after a delay of of the PCM 1750. 
one CLKIN cycle as illustrated in Figure 2. The serial output 

driver cells are TTL and CMOS compatible. TDAC OPERATION 

Operation of the TDAC (trim DAC), which is laser trimmed 
DIFFERENTIAL LINEARITY CALIBRATION a t t h e wa f er level, is described using bit-1 as an example. 

To understand the calibration of the PCM 1750 it is neces- Switch SIT (see Figure 1) operates between two voltage 

sary to discuss some of the characteristics of poly-poly levels — a reference level set by voltage divider Ra, Rb and 

capacitors. Poly capacitors are known to have equal or better a laser trimmable level set by Rla, Rib. The differences of 

stability and matching properties when compared to other these two levels is coupled by capacitor C1T to the minus 

precision components such as thin film resistors. On a well input of the comparator to generate a correction voltage for 



FIGURE 4. PCM1750 Successive Approximation Logic Diagram. 


BURR -BROWN® 



Burr-Brown IC Data Book — Data Conversion Products 


8.1.27 


DIGITAL AUDIO PRODUCTS— A/D M PCM1750 



For Immediate Assistance, Contact Your Local Salesperson 


bit- 1. The switches of the CD AC and the switches of the 
TDAC operate concurrently with each other, that is, when a 
decision is made to keep or reject bit-1, the same decision is 
made for the correction voltage for bit-1. Even though the 
ratio stability of the nichrome resistors used in the TDAC 
may not be as good as the poly capacitors, it is inconsequen- 
tial because the correction voltage of each bit has a limited 
range of adjustment. 

The DLE at the major carry (a code change from 111. ..Ill 
to 000.. .000; in binary two’s complement coding) is typi- 
cally ±1/2 LSB at the 16-bit level, which is sufficient to 
provide 90dB SNR and -30dB low level distortion (-60dB 
input). For applications requiring less DLE at the major 
carry, a pin is provided for each channel to make an external 
MSB adjustment. 

DISCUSSION 
OF SPECIFICATIONS 

RESOLUTION AND DYNAMIC RANGE 

The theoretical resolution of the PCM1750 is 18-bits. The 
maximum possible number of output codes or counts at 18- 
bits is 262,144 or 108dB (calculated by raising 2 to the 18th 
power). The relative accuracy of any A/D converter, how- 
ever, is more a function of it’s absolute linearity and signal- 
to-noise ratio than how many bits of resolution it has. These 
more pertinent specifications are described later in this 
section. 

Dynamic range, as it is usually defined for digital audio 
converters, is the measure of THD + N at an effective input 
signal level of -60dB referred to OdB. For the PCM1750 this 
value is typically 90dB and a minimum of 88dB (for audio 
bandwidth = 20Hz to 24kHz, THD + N at -60db = -30 db 
typ, -28dB max; f IN = 1kHz and f s = 192kHz). Resolution is 
also commonly used as a theoretical measure of dynamic 
range, but it does not take into account the effects of 
distortion and noise at low signal levels. 

ANALOG INPUT RANGE 

The analog input range for the PCM1750 is a bipolar ±2.75V 
(nominal). Table I gives the precise input/output and volt- 
age/code relationships for the PCM 1750. Figure 5 shows 
these same relationships in a graphical format. It should be 
noted that the computed voltage input levels represent center 
values (the midpoint between code transitions). Output cod- 
ing is in binary two’s complement. 


DIGITAL OUTPUT 

ANALOG INPUT 

VOLTAGE INPUT 

262144 LSBs 

1 LSB 

iffff hex 

ooooo HEX 

3 FF F F h E x 

20000 hex 

Full Scale Range 
Minimum Step Size 
+Full Scale 

Bipolar Zero 
Bipolar Zero -1 LSB 
-Full Scale 

5.50000000V 

20.98083496(iV 

+2.74997902V 

0.00000000V 

-0.00002098V 

-2.75000000V 


TABLE I. Analog Input to Digital Output Relationships. 



* Gain drift (mostly due to reference drift) rotates the transfer function 
around the bipolar zero code (00000 H ex)- 
NOTE: As the power supply voltages change (mostly due to the +V 
supply), the transfer function rotates around BPZ. See the power 
supply rejection specification in the spec table. 


FIGURE 5. Analog Input to Digital Output Diagram. 

From Figure 5, the effects of offset and gain errors can be 
visualized. These errors can change value in response to 
changes in temperature and/or supply voltage. In addition, 
gain error (or the full scale range, FSR) changes in direct 
proportion to the VREF IN voltage value. 

SAMPLE AND HOLD PARAMETERS 

Aperture Delay and Uncertainty 

Aperture delay is the time required to switch from the 
SAMPLE to HOLD mode. This time is typically 10ns for the 
PCM 1750 and it is constant. Aperture uncertainty (jitter) is 
the amount of uncertainty associated with the aperture delay. 
Aperture uncertainty affects the overall accuracy of the 
converter and is greatest at the maximum input frequency of 
the converter. The formula for determining the maximum 
input frequency (f MAX ) for a given error contribution due to 
aperture uncertainty is: f MAX =(2 X n X t. tter X 2 N ) _1 where 
t.. is the RMS aperture uncertainty and 2 N is the desired 
SNR (signal-to-noise ratio) expressed in total number of 
quantization levels. A 15-bit SNR, therefore, would be 
expressed as 2 15 or 32768. Using the typical PCM1750 
aperture jitter of 50ps rms and an SNR at the 15-bit level, f MAX 
= (2 X 7t X 50ps X 32768) -1 or 97.1kHz. This matches very 
closely with the rated dynamic accuracy of the PCM 1750 
where THD + N = -88dB max. This means the typical 
aperture jitter of PCM 1750 only becomes a factor when 
input signals to it exceed 97kHz and/or an SNR greater than 
15-bits is desired. 

Input Bandwidth 

The full power bandwidth of the PCM 1750 is that input 
frequency above which significant distortion is observed 
(THD+N > 10-bits or -60dB for a full scale input signal). In 
the data sheet, this number is specified as typically being 
500kHz. In wideband operation (when no digital filter is 
used) the additional full power bandwidth of the PCM 1750 
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can be used to purposely alias a band-limited signal down 
into the baseband of the converter. This technique is called 
undersampling and can be used to directly down-convert an 
intermediate frequency riding on a much higher carrier 
frequency. 

DIGITAL I/O AND TIMING 

Input/Output Logic Compatibility 

Digital logic on the PCM1750 is CMOS compatible. Digital 
outputs on the PCM 1750 are capable of driving a minimum 
of two standard TTL input loads. 

Digital output coding is in binary two’s complement. Table I 
gives the precise input/output voltage/code relationships for 
the PCM 1750. Figure 5 shows these same relationships in a 
graphical format. 

Convert Command and External Clock Input 

A conversion is initiated on its positive going edge of the 
convert command. Although the convert command can re- 
turn low at any time (prior to 50ns before the rising edge of 
the 19th clock), a typical convert command pulse width of 
81ns (as called out in Figure 3) is specified for a 192kHz 
sample rate (f s ). The reason for a pulse width spec is to 
reduce problems associated with digital logic feedthrough 
noise. The return of convert command to a logic low level in 
the specified time interferes least with the successive ap- 
proximation process. Also, it should be noted that putting 
fast logic edges (<5ns) on convert command (Pll) and the 
external clock input (P4) may cause logic feedthrough to the 
analog stages in the converter and will result in added 
distortion during the sampling and conversion process. Us- 
ing the optional DF1750 digital filter provides adequately 
slow transitions to maintain full specification performance. 
If necessary, an external RC, on the convert command line 
may be used to slow fast logic edges. 

As with the convert command, the external clock input is 
positive edge triggered and is not duty-cycle dependent 
other than to improve digital feedthrough noise immunity. A 
50% duty cycle clock can be used instead of 33% if desired. 
Refer to Figure 3 for recommended timing relationships. 
Regardless of what clock duty cycle is used, all operations 
relating to valid data clocking should be synchronized to the 
rising edge of the clock input. 

Although there is a maximum conversion time called out in 
the specification table, the PCM 1750 can have a consider- 
ably longer conversion cycle. Droop of the internal capaci- 
tors will ulitmately determine what the true maximum con- 
version time can be. The min/typ/max times shown in Figure 
3 are based on minimum sample rate of 48 kHz, a typical of 
192kHz, and a maximum of 222kHz. All specifications are 
tested at 192kHz. The minimum sample rate assumption is 
based on clock periods that increase as time between convert 
commands increases. Any sample rate down to near DC can 
be utilized by observing maximum clock cycle requirements 
and spacing convert commands to achieve lower sample 
rates. This means that the time interval T2 shown in Figure 3 
does not have a maximum value. 


Clock Lockout 

Any number of clocks can be given to the PCM 1750 beyond 
the 19 required for normal operation. If a continuous clock 
is used, all clocks beyond the 19th are gated off by the 
PCM 1 750’ s internal logic until the next positive going edge 
of the convert command. The converter also goes into the 
sample (track) mode starting on the positive edge of the 19th 
clock until the next positive edge of the convert command, 
regardless of how many additional clocks are offered. The 
ideal operation of the converter stops the clock input after 
the 19th during this critical signal acquisition time. This is 
the timing shown in Figure 3 . The critical timing aspect that 
must be observed if a clock input other than the recom- 
mended is used, is that ample time following the positive 
edge of convert command proceed the next rising clock 
edge. If this time is shortened, the most important bit-1 
(MSB) decision, which is finalized on the first clock edge 
after convert command, will be adversely affected. In other 
words, the clock input cannot have a rising edge during the 
time interval T3 shown in Figure 3. 


SIGNAL-TO-NOISE RATIO 


Another specification for A/D converters is signal-to-noise 
ratio (SNR). For this measurement, a full-scale 1kHz signal 
is applied and the sampling rate of the PCM1750 is set at 
192kHz. An FFT is performed on the digital output and the 
noise power in the non-harmonic audio-bandwidth frequency 
bins (20Hz to 24kHz) is summed and expressed in relation 
to the full-scale input signal. 


One advantage of using the PCM 1750 in this oversampled 
mode with the optional DF1750 digital decimation filter is 
that the converter noise is spread over the full 0Hz to 96kHz 
passband and then suppressed by the digital filter stopband 
attenuation (from 24kHz to 96kHz). This effectively in- 
creases the SNR of the PCM1750 by 6dB when it is used asl 
an audio bandwidth converter. The other advantage is thatl 
the need for a higher-order anti-aliasing input filtering is" 
greatly reduced. 


THD + N 

The key specification for the PCM 1750 is total harmonic 
distortion plus noise (THD + N). In terms of signal measure- 
ment, THD + N is the ratio of Distortion DAifC + Noise DA;IO / 
Signal RMS expressed in dB. For the PCM 1750, THD + N is 
100% tested at all three specified input levels using the 
production test setup shown in Figure 6. For this measure- 
ment, as with the SNR test, a full-scale 1kHz signal is 
applied and the sampling rate of the PCM 1750 is set at 
192kHz (which is 4X the standard digital audio sample rate 
of 48kHz). An FFT is performed on the digital output and 
the total power in all audio-bandwidth frequency bins (20Hz 
to 24kHz) is summed and expressed in relation to the full- 
scale input signal. 

For the audio band, the THD + N of the PCM 1750 is essentially 
flat for all frequencies and input signal levels. In the Typical 
Performance Curves THD + N versus Frequency plots are 
shown at four different input signal levels (with and without a 
4X decimation filter): OdB , -20dB , -40dB , and -60dB . 


mm 
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CHANNEL SEPARATION 

To test channel separation a 1kHz signal sampled at 192kHz 
is placed on one input of the PCM 1750 while the other input 
is held at OV. An FFT is performed on the idle (OV) channel 
and the result checked to insure that the 1kHz tone is 
suppressed by a minimum of 96dB. 

GAIN AND OFFSET ERRORS 

Initial gain and bipolar offset errors are laser trimmed at the 
wafer level and 100% final tested to insure compliance with 
the electrical specifications. Bipolar offset errors can be 
further reduced to zero by using the optional offset adjust- 
ment circuitry shown in the connection diagram (Figure 7). 
Gain errors can be adjusted by varying V REF to either channel 
of the converter. This is accomplished by either using an 
adjustable external reference or by placing buffer amplifiers 
with adjustable gain between VREF QUT and VREF IN as 
shown in Figure 8a. 

INTEGRAL AND DIFFERENTIAL LINEARITY 

DC Linearity Testing 

The absolute linearity of the PCM 1750 is on the order of 15- 
bits or more as can be seen from the THD versus Frequency 
plots in the Typical Performance Curves. Not every code in 
the converter must be 15-bit linear to achieve the specified 
THD + N performance, but a very high percentage will be 
that linear. The same observation also applies to differential 
linearity errors in the PCM 1750. Because the PCM 1750 is 
not 100% tested for DC linearity specifications, no mini- 
mum or maximum specifications are given for integral or 
differential linearity errors. 

No Missing Codes Operation 

A no missing codes specification is not given for the 
PCM 1750 for the same reasons as given above. The 


PCM 1750, however, typically has fewer than 16 codes (less 
than 0.01%) missing at a 14-bit resolution level. A 100% no 
missing codes specification cannot be maintained above the 
12-bit level, although this has very little impact on overall 
dynamic performance (THD + N). The few missing codes 
that do occur at higher resolution levels are at the bit-2 and 
lower major carry transitions of the converter. There are 
typically no missing codes (at 14-bits) around the critical 
bipolar zero operation zone (±1/8 of full scale range around 
bipolar zero or 0V). The critical bipolar differential linearity 
error can be reduced from its initial value to zero using the 
optional MSB adjustment circuitry shown in the connection 
diagram (Figure 7). 

REFERENCE 

The gain drift of the PCM1750 is primarily due to the drift 
associated with the reference. Better drift performance can 
be achieved using an external reference like the ones ex- 
plained in the applications section (Figures 8b, 8c). The 
Typical Performance Curves plot of V REF Output versus 
Temperature shows the full range of operation including 
initial error and typical gain drift. Pertinent performance 
data are found in the electrical specification table. 

Reference Bypass 

Both PI 8 and P25 (VREF IN ) should be bypassed with a 10pF 
to 47 pF tantalum capacitor. If there are important system 
reasons for using the PCM 1750 reference externally, the 
outputs of PI 9 and P24 must be appropriately buffered, and 
bypassed (see Figure 8). 

POWER SUPPLY REJECTION 

Because of the architecture of the PCM 1750, power supply 
rejection varies with input signal size. The spec table value 
is expressed in the relative terms of percent of V IN per 



FIGURE 6. PCM1750 Production Test Setup. 
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percent change of the supply voltage. The PSR versus 
Frequency plot in the Typical Performance Curves show 
PSR expressed versus an increase in power supply ripple 
frequency. 

PERFORMANCE OVER TEMPERATURE 

Specification Temperatures 

All critical specifications are tested at 25 °C. The drift 
specification temperature range is from 0°C to +70°C. The 
PCM 1750 will operate over the wider temperature range of 
-40°C to +85°C. 

Gain and Offset Drift 

Although the PCM 1750 is primarily meant for use in dy- 
namic applications, specifications are also given for more 
traditional DC drift parameters such as temperature gain and 
offset drift. The primary cause of drift in the PCM 1750 is the 
bandgap reference. Much lower gain drift can be realized if 
necessary by using any circuit similar to the external refer- 
ence circuits shown in Figure 8. Also, refer to the Typical 
Performance Curves of V REF Output versus Temperture. 


Dynamic Performance 

Dynamic performance is predominated by the absolute lin- 
earity of the PCM 1750. Because of the excellent ratio 
tracking versus temperature of poly-poly capacitors, there is 
virtually no change in dynamic performance of the converter 
over temperature (primarily THD + N). The dynamic specifi- 
cations over temperature cannot be guaranteed, however, as 
they are not 100% tested. 

INSTALLATION 

ANTI-ALIASING FILTER 

To prevent unwanted input signals from being aliased into 
the passband of the converter, it is necessary to suppress all 
out of band signals above 1/2 the sampling frequency of the 
ADC by using a low-pass filter. The requirement for an anti- 
aliasing filter, however, can be reduced by using oversampling 
techniques. By raising the sample rate of the converter by a 
factor of 2 or even 4, the roll off of the anti-aliasing filter can 
be reduced. In Figure 9, a 6th order, linear-phase, anti- 
aliasing filter is implemented using low-cost dual audio op 
amps. This filter will suppress frequencies above 96kHz by 
80dB. For many applications a 4th or 2nd order anti-aliasing 
filter will be adequate when using the PCM 1750 in the 4x 
oversampling mode. 
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INPUT SIGNAL CONDITIONING 

RC Input Circuit 

Note the 150£2 resistors and 220pF capacitors on each 
analog input as shown in the connection diagram (Figure 7). 
This input circuit configuration is required to achieve opti- 
mum SNR performance of the PCM 1750. Various other 
component values will yield satisfactory results, but the 
resistor should never exceed 200£1 

Buffer Amplifier 

To avoid introducing distortion, the PCM 1750 input must be 
driven by a low active impedance source (op amps such as 
the NE5532, Burr-Brown OPA2604, or equivalent are ideal). 

EXTERNAL ADJUSTMENTS 

The simplified circuit diagram (see Figure 1) shows one of 
two complete channels on the PCM 1750. The input switched 
capacitors, trim DAC and comparator are detailed. The trim 
DAC switches are activated whenever the corresponding bit 
is chosen during the successive approximation routine. The 
first 12 bits of the ADC have corresponding trim DAC 
circuits. The Rla to R12a and Rib to R12b resistors can be 
laser trimmed at the wafer level if necessary to correct for 
any nonlinearities. The nominal voltage for the internally 
generated V REF is 2.75V and it is a relatively low impedance, 
buffered voltage output. It should be noted that just the act 
of connecting the optional adjustment circuits will affect the 
MSB DLEs and bipolar offsets since it is unlikely that the 
initial potentiometer settings (even if centered) would match 
the factory trimmed null potentials. If connected, the poten- 
tiometers must be properly adjusted. 



FIGURE 8a. Circuit for External Gain Adjustment Using the 
Internal Reference. 


MSB Adjust 

The MSB adjust pin connects to the center of the Rla/Rlb 
resistive divider for bit-1. After laser trimming this point is 
nominally lOOmV. All the MSB and offset adjust pins 
should be connected to ground using a 0.0 lpF capacitor, 
especially if traces to the potentiometers are long. If the 
adjust pins are not used, they should still be bypassed to 
ground. 

Since there are internal 5k£2 resistors and clamp diodes to 
both ground and +5V on the MSB and offset adjust pins, 
there are obvious limits to their range of adjustment. With a 
nominal internal voltage on these points of + lOOmV, there 
will be a greater limitation in making negative adjustments 
than positive. A negative voltage at either adjustment pin, 
however, is acceptable up to one diode drop (-0.6V) below 
ground. 

The preferred method of MSB DLE adjustment is to input a 
small level signal and adjust for minimum THD + N. 

Offset Adjust 

The offset adjust switch (S OFF ) position is controlled by 
whether the ADC is in the sample or hold mode. Switching 
from sample to hold effectively allows any charge offsets 
associated with the sampling process to be eliminated. 
Grounding the input to the converter as far ahead of the A/D 
as possible (in front of the anti-aliasing filter for example) 
and then adjusting the bipolar zero error will remove the 
offsets associated with the entire sampling system. 

LAYOUT CONSIDERATIONS 

Power Requirements 

Noise on the power supply lines can degrade converter 
performance, especially noise and spikes from a switching 
power supply. Appropriate supplies or filters must be used. 
Although the PCM 1750 positive supplies have separate 
digital and analog +5V, for most applications the +5V 
digital supply pins should be connected to the +5V analog 
supply. If they aren’t connected together, a potential latchup 
condition can occur when the power supplies are not turned 
on at the same time. If one supply pin is powered and the 
other is not, the PCM 1750 may latch up and draw excessive 
current. In normal operation, this is not a problem because 
both +V A and +V D should be connected together. However, 
during evaluation, incoming inspection, repair, etc., where 
the potential of a “hot” socket exists, care should be taken to 
power the PCM1750 only after it has been socketed. 

All supplies should be bypassed as shown in Figure 7. The 
bypass capacitors should placed as close to their respective 
supply pins as possible. Additional .OlpF capacitors may be 
placed in parallel with the larger value capacitors to increase 
high-frequency rejection, but generally they are not required 
when high quality tantalums are used. The 0.1 pF capacitor 
between P21 and P22 should be a low leakage type (such as 
ceramic) and must be put as close to these pins as possible 
to reduce noise pickup. 
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The PCM 1750 is sensitive to supply voltages outside the 
absolute maximum ratings shown in the specification tables. 
Do not exceed -8V on the negative supplies at any time or 
irreversible damage may occur. Note the 1012 resistors in 
series with each -5 V supply line (shown in Figure-7) to help 
protect the part from severe damage if the supplies are over- 
ranged momentarily. 

Grounding Requirements 

Because of the high resolution and linearity of the PCM1750, 
system design problems such as ground path resistance and 
contact resistance become very important. 

The ACOM and DCOM pins are separated internally on the 
PCM1750. To eliminate unwanted ground loops, all com- 
mons (both analog and digital) should be connected to the 
same low-impedance ground plane. This should be an ana- 
log ground plane separate from other high-frequency digital 
ground planes on the same board. If the analog and digital 
commons of the PCM 1750 are connected to different ground 
planes, care should be taken to keep them within 0.6V of 
each other to insure proper operation of the converter. 

A ground plane is usually the best solution for preserving 
dynamic performance and reducing noise coupling into 
sensitive converter circuits. Where any compromises must 
be made, the common return of the analog input signals 
should be referenced to the ACOM pins. This will prevent 
voltage drops in the power supply returns from appearing in 
series with the input signal. 


Coupling between analog input and digital lines should be 
minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external MSB and offset adjust potentiometers are used, 
the potentiometers and related resistors should be located as 
close to the PCM1750 as possible. 

Minimizing “Glitches” 

Coupling of external transients into an analog-to-digital 
converter can cause errors which are difficult to debug. Care 
should be taken to avoid glitches during critical times in the 
sampling and conversion process. Since the PCM 1750 has 
an internal sample/hold function, the signal that switches it 
into the HOLD state (CONVERT going HIGH) is critical, as 
it would be on any sample/hold amplifier. The CONVERT 
rising edge should have minimal ringing, especially during 
the 20ns after it rises. 

APPLICATIONS 

USING A DIGITAL FILTER 

A 4X decimation filter is available for the PCM 1750 called 
the DF1750. It is available in a 28-pin DIP or a 40-pin SOIC 
package. The use of this filter greatly eases the implementa- 
tion of the PCM 1750 in audio band applications. 




FIGURE 8b. External Reference Circuit Using Standard FIGURE 8c. Low Noise, Low Drift External Reference 
2.5V Reference. Circuit. 
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Interleaved 
Digital Output 
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USING AN EXTERNAL REFERENCE 

Normally VREF OUT is connected directly to VREF IN . The 
typical value for V REF versus Temperature is shown in the 
Typical Performance Curves. If better drift or power supply 
rejection performance is desired, one of the external refer- 
ence circuits shown in Figures 8b and 8c can be used. Note 
that the decoupling capacitors are still connected to VREF IN . 
External gain adjustment is now possible by using the 
variable output options available on some precision voltage 
references or by varying the gain on external buffer ampli- 
fiers. The range of acceptable external references is from 
+2.0V to +V A - 2.0V, with 2.5V types being the most 
commonly available. Full scale input voltage range will be 
±VREF [N (a +2.5V VREF IN results in a ±2.5V input range). 

If an external reference is used, P19 and P24 must be 
bypassed with at least lpF capacitors. 

SAMPLING A/D SYSTEM 

Figure 9 is a partial schematic of the demonstration fixture 
for the PCM 1750 (orderable by model number DEMI 133). 
It shows the implementation of (1) a 6th order, linear-phase, 
anti-aliasing filter (22kHz low-pass); (2) the PCM1750P 
A/D converter; and (3) a 4x digital decimation filter called 


the DF1750P. Not shown on this schematic, but included on 
the demo fixture, are latched parallel data outputs with 
strobe and a serial digital interface format (SPDIF) data 
transmitter. Also included on the DEMI 133 are user bread- 
board areas for application specific circuit implementation. 

CONNECTION TO DSP WITH DIGITAL FILTER 

The PCM1750 and DF1750 combination can be connected to 
the serial ports of most popular DSP processor ICs (such as 
those made by AT&T, Motorola, TI, and AD) by adding a 
small amount of external glue logic. Figures 10 and 1 1 show 
the timing diagram and schematic for this interface. 

To use this interface, the DSP processor IC must be configured 
for 32 bit word inputs. The glue logic generates a flag bit, as 
the first bit of the 32 bit word, that signifies either left or right 
channel data. The flag bit will be low for left channel data and 
high for right channel data. 

The DF1750 can be configured for either 16 or 20 bit data, 
although only 16 bit data is shown in Figure 10. After the data 
is transferred into the DSP processor IC, it must be shifted 
toward the LSB by one bit in order to compensate for a clock 
delay in the glue logic. 
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BURR - BROWN ( 


PCM1760P/U 

DF1760P/U 

DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information 


Multi-Bit Enhanced Noise Shaping 20-Bit 
ANALOG-TO-DIGITAL CONVERSION SYSTEM 


FEATURES 

• DUAL 20-BIT MONOLITHIC MODULATOR 
(PCM1760) AND MONOLITHIC 
DECIMATING DIGITAL FILTER (DF1760) 

• HIGH PERFORMANCE: 

THD + N: -92dB typ, -90dB max 
Dynamic Range: 108dB typ 
SNR: 108dB min, IIOdB typ 
Channel Separation: 98dB typ, 94dB min 

• 64X OVERSAMPLING 

• CO-PHASE CONVERSION 

• RUNS ON 256fs OR 384fs SYSTEM 
CLOCK 

• VERSATILE INTERFACE CAPABILITY: 

16-, 20-Bit Output 

MSB First or LSB First Format 

• OPTIONAL FUNCTIONS: 

Offset Error Calibration 
Overflow Detection 

Power Down Mode (DF1760) 

• RUNS ON ±5V SUPPLIES (PCM1760) AND 
5V SUPPLY (DF1760) 

• COMPACT 28-PIN PACKAGES: 

28-Pin DIP and SOIC 


DESCRIPTION 

The PCM1760 and DF1760 combine for a low-cost, 
high-performance dual 20-bit, 48kHz sampling ana- 
log-to-digital conversion system which is specifically 
designed for dynamic applications. 

The PCM1760/DF1760 pair form a 4-bit, 4th order, 
64X oversampling analog-to-digital converter. 

The PCM 1760 is a delta-sigma modulator that uses a 
4-bit quantizer within the modulation loop to achieve 
very high dynamic range. 

The DF 1760 is a high-performance decimating digital 
filter. The DF1760 accepts 4-bit 64fs data from the 
PCM 1760 and decimates to 20-bit lfs data. 

The FIR filter of the DF1760 has pass-band ripple of 
less than ±0.00 ldB and greater than lOOdB of the 
reject band attenuation. 


4 Stage, 4-Bit 
Delta-Sigma 
Modulator 


4 Stage, 4-Bit 
Delta-Sigma 
Modulator 


1/16 

4fs 

FIR 

Filter 


Filter 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, ±V CC , ±V dd = +5V, +V DD = +5V, f s = 48kHz and ext. components = ±2% unless otherwise noted. 




PCM1 760/DF1 760 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


20 



Bits 

ANALOG INPUT | 

Input Range 

R in 1 = 2.2k£2 


±2.5 


Vp-p 

Input Impedance 

R 1N 1 = 2.2kQ 


RJ 


Q 

SAMPLING FREQUENCY | 

Cover Range of fs 

Integrator Constants: Application' 1 ) 

30 

48 

50 

kHz | 

ACCURACY | 

Gain Error 



±0.5 

±1.0 

dB 

Gain Mismatch 




±0.5 

dB 

Bipolar Zero Error 

V, N = 0 at 20s After Power-On 



±0.4 

% FSR' 21 

Gain Drift 

0°C to +70°C 


100 


ppmfs/°C 

Bipolar Zero Drift 

0°C to +70°C 


20 


ppmfs/°C 

DYNAMIC CHARACTERISTICS^ | 

THD + N/(0dBFS) P, U 

f , N = 1 kHz 


-92 

-90 

dB 

P-L, U-L 



-90 

-88 

dB 

THD + N/(-20dBFS) P, U 

f IN = 1 kHz 


-76 

-70 

dB 

P-L, U-L 



-76 

-70 

dB 

THD + N/(-60dBFS) P, U 

f , N = 1 kHz 


-44 

-42 

dB 

P-L, U-L 



-44 

-42 

dB 

Dynamic Range P, U 

f 1N = 1kHz, V 1N = -60dBFS, A Filter 

104 

108 


dB 

P-L, U-L 


104 

108 


dB 

SNR P, U 

V IN = 0, A Filter 

108 

110 


dB 

P-L, U-L 


106 

110 


dB 

Frequency Response 

f IN = 20kHz 


±0.1 


dB 

Channel Separation 

f IN = 1 kHz, A Filter 

94 

98 


dB 

DIGITAL FILTER | 

Over Sample Rate 



64 


fs 

Ripple in Band 

0 - 0.04535fs 



±0.0001 

dB 

Stopband Attenuation -1 

0.5465fs - 63.4535fs 

-94 



dB 

Stopband Attenuation -2 

0.5465fs - 3.4535fs 

-100 



dB 

LOGIC INPUTS AND OUTPUTS 1 

Logic Family Input 


TTL Level Compatible CMOS 


Frequency (System Clock 1 ) 

256fs 


12.288 


MHz 

Frequency (System Clock 2) 

384fs 


18.432 


MHz 

Duty Cycle (System Clock 1 ) 

256fs 

40 

50 

60 

% 

Duty Cycle (System Clock 2) 

384fs 

45 

50 

55 

% 

Data Clock Input 


32 

48 

64 

fs 

Logic Family Output 



CMOS 



Data Clock Output 



64 


fs 

Data Coding 



Two's Complement 



Data Bit Length 


16 

20 


Bits 

Data Format 



Selectable 



Output Data Delay 

fs = 48kHz 


1.5 


ms 

POWER SUPPLY REQUIREMENTS j 

Supply Voltage 



■ 



-V cc 

PCM 1760 

±4.75 

±5.0 

±5.25 

V 

±v dd 

PCM1760 

±4.75 

±5.0 

±5.25 

V 

+V DD 

DF1760 

4.75 

5.0 

5.25 

V 

Supply Current 






+lcc 

PCM1760 


24 

36 

mA 

-Ice 

PCM 1760 


-30 

-45 

mA 

+'dd 

PCM 1760 


12 

18 

mA 

-IqD 

PCM1760 


—8 

-12 

mA 

+Idd “"I 

DF1760, Normal Mode 


40 

55 

mA 

+ Idd “2 

DF1760, Power-Down Mode 


4 

6.6 

mA 

Power Consumption 

PCM 1760 


370 

500 

mW 


DF1760, Normal Mode 


200 

275 

mW 


DF1760, Power-Down Mode 


20 

33 

mW 

| TEMPERATURE RANGE | 

Operating 

PCM1 760/DF1 760 

0 

+25 

+70 

°C 

Storage 

PCM1 760/DF1 760 

-50 


+125 

°C 


NOTES: (1 ) Integrator Constants are determined by the external components shown in the block diagram. (2) FSR means Full Scale Range, digital output code is from 
90000H to 70000H, FSR = 5.0V. (3) Use 20-bit DAC, 20kHz LPF, 400Hz HPF, average response. (4) Average response using a 20-bit reconstruction DAC with 20kHz 
low-pass filter and 400Hz high-pass filter. 
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ABSOLUTE MAXIMUM RATINGS— PCM1 760 


Supply Voltage 

+6V 

Voltage Mismatch 

0.1V 

Analog Input 

+v cc 


+V DD +0.3V 


GND-0.3V 

Power Dissipation/P 

580mW 

Power Dissipation/U 

550mW 

Lead Temperature/P (soldering, 10s) 

260°C 

Lead Temperature/U (soldering, 10s) 

235°C 

Operating Temperature 

0°C to +70°C 

Storaae Temoerature 

-fin°C tn 4-1 PR°C 



ORDERING INFORMATION 


MODEL 

PACKAGE 

THD +N (fs) 

SNR 

PCM1760P 

PDIP 

-90dB 

108dB 

PCM1760U 

SOIC 

-90dB 

108dB 

PCM1760P-L 

PDIP 

-88dB 

106dB 

PCM1760U-L 

SOIC 

-88dB 

106dB 

DF1760P 

PDIP 

NA 

NA 

DF1760U 

SOIC 

NA 

NA 


ABSOLUTE MAXIMUM RATINGS— DF1 760 


Supply Voltage 7.0V 

Voltage Mismatch 0.1V 

Digital Input +V DD +0.5V 

V ss -0.5V 

Input Current ±20mA 

Power Dissipation/P 460mW 

Power Dissipation/U 440mW 

Lead Temperature/P (soldering, 10s) 260°C 

Lead Temperature/U (soldering, 10s, reflow) 235°C 

Operating Temperature 0°C to +70°c 

Storage Temperature -50°C to +125°C 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 

NUMBER 

PCM1760P 

28-Pin PDIP 

800 

PCM1760U 

28-Pin SOIC 

804 

PCM1760P-L 

28-Pin PDIP 

800 

PCM1760U-L 

28-Pin SOIC 

804 

DF1760P 

28-Pin PDIP 

801 

DF1760U 

28-Pin SOIC 

805 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


PIN ASSIGNMENTS PCM1760 

Top View SOIC/DIP 


Out-2R 



Is] 

NC 

ln-2R 

2 


-1 

BPODC-R 

Out-1 R 



~ 2 b \ 

[ D 3 

ln-1 R 

4 


“1 

| D 2 

SERVO DC 

5 




+v cc 

6 


li] 

|°0 

AGND 

~ v cc 

7 

8 

PCM1760 

22] 

13 

+V DD 

DGND 

BGDC 

9 


~2p] 

V 

V DD 

NC 

10 



256fs 

ln-1 L 

11 



Strobe 

Out-1 L 

12 


3 

L/RCK 

ln-2L 

13 


33 

BPODC-L 

Out-2L 

14 


33 

NC 


15 TB 

IEI 

NAME 

DESCRIPTION 

KM 

0 

Out-2R 

Right Channel Second Integrator Output 

2 

1 

ln-2R 

Right Channel Second Integrator Input 

3 

0 

Out-1 R 

Right Channel First Integrator Output 

4 

1 

In-IR 

Right Channel First Integrator Input 

5 

- 

SERVO DC 

Servo Amp Decoupling Capacitor 

6 

- 

+v cc 

+5V Analog Supply Voltage 

7 

- 

AGND 

Analog Common 

8 

- 

-V cc 

-5V Analog Supply Voltage 

9 

- 

BGDC 

Band Gap Reference Decoupling Capacitor 

10 

- 

NC 

No Connection 

11 

1 

ln-1 L 

Left Channel First Integrator Input 

12 

0 

Out-IL 

Left Channel First Integrator Output 

13 

1 

ln-2L 

Left Channel Second Integrator Input 

14 

0 

Out-2L 

Left Channel Second Integrator Output 

15 

- 

NC 

No Connection 

16 

- i 

BPODC-L 

Left Channel Bipolar Offset Decoupling Capacitor 

17 

0 

L/RCK 

LR Clock Output (64fs) 

18 

O | 

Strobe 

Data Strobe Output (128fs) 

19 

1 

256fs 

256fs Clock Input 

20 

- 

-v DD 

— 5V Digital Supply Voltage 

21 


DGND 

Digital Common 

22 

- 

+ ^DD 

+5V Digital Supply Voltage 

23 

0 1 

Do 

D 0 Data Output (LSB) 

24 

0 

D 1 

D, Data Output 

25 

0 

d 2 

D 2 Data Output 

26 

0 

d 3 i 

D 3 Data Output (MSB) 

27 

- 

BPODC-R 

Right Channel Bipolar Offset Decoupling Capacitor 

28 

- 

NC 

No Connection 


NOTE: (1)0 = Output terminal; I = Input terminal. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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PIN ASSIGNMENTS DF1760 


OVL 

1 


~28~j 

OVR 

2 


El 

D 3 

3 


El 

d 2 

JL 


El 

Di 

Li 


El 

Do 

JL 


23 

TP1 

Ll 

DF1760 

22 

V SS1 

j~8~ 


EE 

V DD1 

\± 


2o] 

256fs 

EE 


EE 

Strobe 

El 


EE 

LRCK 

RT 


EE 

CALD 

El 


EE 

CAL 

Ei 


EE 


a 

i 

NAME 

DESCRIPTION 

i 

0 

OVL 

Left Channel Overflow Output (Active High) 

2 

0 

OVR 

Right Channel Overflow Output (Active High) 

3 

1 

d 3 

D3 Data Input (MSB) 

4 

1 

d 2 

D2 Data Input 

5 

1 


DI Data Input 

6 

1 

D 0 

DO Data Input (LSB) 

7 

- 

TP1 

Test Pin (No Connection) 

8 

- 

Vssi 

Common Channel 1 

9 

- 

v DD1 

+5V Channel 1 

10 

0 

256fs 

256fs Clock Output 

11 

1 

Strobe 

Data Strobe Clock Input (1 28fs) 

12 

1 

LRCK 

LR Clock Input 

13 

IT 

CALD 

Calibration Function Enable (Active Low) 

14 

0 

CAL 

Calibration Output (High During Calibration) 

15 

1 

SYSCLK 

System Clock Input (256fs or 384fs) 

16 

iT/o 

SCLK 

Data Clock 

17 

lT/0 

L/R 

LR Channel Phase Clock 

18 

0 

SDATA 

Serial Data Output (Ifs) 

19 

It/O 

FSYNC 

Frame Clock (2fs) 

20 

IT 

LRSC 

Phase Control of LR Channel Phase Clock 

21 

IT 

/PD 

Power Down Mode Enable Input (Active Low) 

22 

IT 

Mode2 

Output Format Selection Input 2 

23 

IT 

Model 

Output Format Selection Input 1 

24 

IT 

S/M 

Slave/Master Mode Selection Input (High Makes 
Slave Mode 

25 

IT 

CLKSEL 

System Clock Selection Input (High Makes 256fs) 

26 

- 

TP2 

Test Pin (No Connection) 

27 

- 

V 0 02 

+5V Channel 2 

28 

- 

V SS2 

Common Channel 2 


NOTE: (1)0 = Output terminal; I = Input terminal. 


BLOCK DIAGRAM OF DF1760 
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TYPICAL PERFORMANCE CURVES 

OVERALL PASS-BAND 




0 fs + 4 fS + 2 0 16 32 46 64 


PASS-BAND CHARACTERISTICS TOTAL PASS-BAND FREQUENCY RESPONSE, 




0 fs + 4 fs 2 0.1 1 10 100 

Frequency (kHz) 


TYPICAL FFT ANALYSIS OF THE 1kHz fs INPUT SIGNAL 

0 

-20 
-40 


<15 

3 -100 

|-120 
< 

-140 
-160 
-180 
-200 

0 6 12 18 24 

Frequency (kHz) 

fs = 48.000000kHz F C1 = 1.171876kHz 
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OFFSET CALIBRATION MODE 


FUNCTIONS OF 
THE DIGITAL FILTER 

SYSTEM CLOCK 

The DF1760 can accept a system clock of either 256fs or 
384fs. If a 384fs system clock is used, the DF1760 divides 
by 2/3 to create the 256fs system clock required for the 
PCM 1760. The system clock is applied to pin 15 (SYSCLK 
input). The actual clock selection is done by setting pin 25 
(CLKSEL input) “high” for 256fs clock and “LOW” for 
384fs clock. 

The detailed timing requirements for the sy stem clock are 
shown in Figure 3c. 


CLKSEL 

SYSCLK 

H 

256fs 

L 

384fs 


MASTER/SLAVE MODE 

The DF1760 can be used in both the master mode and slave 
mode. In the master mode, the DF1760 outputs L/R (left / 
right channel phase clock), SCLK (data clock) and FSYNC 
(frame clock 2fs) signals. In the slave mode, the DF1760 
accepts L/R, SCLK and FSYNC signals. The mode selection 
is done by taking pin 24 (S/M INPUT) “HIGH” for slave 
mode and “LOW” for master mode. 


S/M 

MODE 

H 

Slave 

L 

Master 


OUTPUT DATA FORMAT 

The serial output data has four possible formats. The selec- 
tion of the formats can be done by the Mode 1 and Mode 2 
inputs. 


MODE 1 

MODE 2 

FORMATS 

H 

H 

MSB First, 16 Bits, Falling Edge 

L 

H 

MSB First, 20 Bits, Falling Edge 

H 

L 

MSB First, 20 Bits, Rising Edge 

L 

L 

LSB First, 20 Bits, Falling Edge 


LR CHANNEL PHASE CLOCK 

The status of the LR channel phase clock can be set by the 
LRSC input. 


LRSC 

L/R CLOCK AND CHANNEL 

H 

H = LCH, | L = RCH [~ 

L 



OVERFLOW DETECTION 

When a near-to-clipping input condition is detected, OVL 
output (Pin 1), or OYR output (Pin 2), becomes “HIGH” for 
a duration of 4096/fs (about 85ms) depending upon on the 
channel detected. 

The OVL and OVR output return to “LOW” after 
4096/fs duration automatically. 


The offset error is calibrated by storing the digital data when 
the input is zero in registers and subtracting it from the 
future data with actual signal input. 


CALD 

CALIBRATION 

H 

Disable 

L 

Enable 


To enable the calibration mode, set the CALD input (Pin 13) 
“LOW”. The calibration mode is disabled by setting the 
CALD input (Pin 13) “HIGH”. The calibration cycle is 
initiated by setting the /PD input (Pin 21) “LOW” for more 
than 2 system clock periods and then setting it “HIGH”. 
During the calibration cycle, the CAL output (Pin 14) 
becomes “HIGH”, all the serial data is forced to “LOW”, 
and the L/R (Pin 17), SCLK (Pin 16) and FSYNC (Pin 19) 
pins become input terminals after the completion of the 
calibration cycle. The CAL output is “LOW”. 

POWER DOWN MODE/RESET 

The /PD input (Pin 21) has two functions. First, it should be 
set at “HIGH” after application or restoration of power (V ss 
and/or V DD ) to accomplish the power-on/mode reset func- 
tion. The detail timing requirements for this function are 
shown in Figure 3f. Second, the DF1760 is placed in the 
power down mode by setting the /PD input (Pin 21) “LOW”. 
Set the /PD input (Pin 21) “HIGH” for normal operation 
mode. 


/PD 

OPERATION 

H 

Normal 

L 

Power Down 


The power dissipation of the DF1760 in the power down 
mode is about 1/10 of the normal operation mode. During 
the power down mode, the L/R, SCLK, and FSYNC pins 
become input pins and all the serial data is forced “LOW”. 
The 256fs output is enabled even in the power down mode. 

The detailed timing of the power down mode operation and 
the offset calibration is shown in Figure 3b. 



FIGURE 3a. DF1760 Overflow Detection. 
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!-* ►Updw 

/PD \ / 

Tpcr “ 1 / r 2 \ i t pcf 

CAL / \ 

_ — _ — v [ t psf t csv'-* *-\/ 

SDATA \ ! / 

DESCRIPTION 

NAME 

MIN 

TYP 

MAX 

nffim 

Pulse Width of /PD Input 

Trow 

2 


- 

1/Fclk 

Delay from /PD Input to 

CAL Output 

T pcr 

_ 

_ 

6 

1/Fclk 

Calibration Cycle Duration 

TpCF 

- 

4096 

- 

1/fs 

Delay from /PD Input to S DATA L 

TpSF 

- 

- 

6 

1/Fclk 

Delay from Completion of 
Calibration to SDATA Valid 

Tcsv 

_ 

1 

_ 

1/fs 


FIGURE 3b. DF1760 Power Down and Offset Calibration. 


2.0V ' 
1.4V J 
0.8V ~h 

\ 



— 



Tclkh !; t clkl ! 

H T hl 

SYSTEM CLOCK: 256fs | 

DESCRIPTION 

NAME 

MIN 

TYP 

MAX 


Low Level Duration 

"^CLKL 

31 

- 

- 

ns 

High Level Duration 

"^CLKH 

31 

- 

- 

ns 

SYSTEM CLOCK: 384fs j 

DESCRIPTION 

NAME 

MIN 

Q. 

MAX 

15523 

Low Level Duration 

Ulkl 

24 

- 

- 

ns 

High Level Duration 

Tclkh 

24 

- 

- 

ns 

Rise Time 

Tlh 

- 

- 

6 

ns 

Fall Time 

t hl 

- 


6 

ns 


FIGURE 3c. System Clock Timing Requirements of DF1760. 


SCLK _] 
SDATA 

ir 

j T dss 





L/R 

X 


FSYNC 

t sf 

f 


T TsF 




! 1 

DESCRIPTION 

NAME 

MIN 

TYP 

MAX 

UNITS 

SCLK Frequency 

^SLK 

- 

64fs 

- 


SCLK Frequency Duty Cycle 


- 

50 

- 

% 

FSYNC Frequency 

^SYNC 

- 

2fs 

- 


FSYNC Frequency Duty Cycle 


- 

50 

- 

% 

Delay from SCLK to L/R Edge 

"^SLR 

-20 

- 

50 

ns 

Delay from Falling Edge of 
SCLK to SDATA Valid 

Tdss 

_ 

_ 

50 

ns 

Delay from SCLK to FSYNC 
Edge 

T sf 

-20 

_ 

50 

ns 

Delay from Rising Edge of 
SCLK to SDATA Valid 

TsdR 

100 

_ 

_ 

ns 

Delay from SDATA Valid to 
Rising Edge of SCLK 

TdSV 

100 

- 

- 

ns 


FIGURE 3d. Output Timing of Master Mode, DF1760. 


Tdss - ^ 

SDATA 

IBSSfli 

Tslr ~ 

r *"i t sdr 

L/R 

X 

t sf “ - 

FSYNC 


7 

DESCRIPTION 

NAME 

MIN 

TYP 

MAX 

UNITS 

SCLK Frequency 

^SLK 

32fs 

48fs 

64fs 

- 

Low Duration of FSCLK 

Tslkl 

100 

- 

- 

ns 

High Duration of FSCLK 

Tslkh 

100 

- 

- 

ns 

Delay from SCLK to L/R Edge 

Tslr 

-70 

- 

70 

ns 

Delay from Falling Edge of 
SCLK to SDATA Valid 

Tdss 


_ 

50 

ns 

Delay from SCLK to FSYNC 
Edge 

T S f 

-70 

_ 

0 

ns 

Delay from Rising Edge of 
SCLK to SDATA Valid 

Tdsv 

100 

_ 

_ 

ns 

Delay from SDATA Valid to 
Rising Edge of SCLK 

Tsdr 

100 

- 


ns 


FIGURE 3e. Timing of Slave Mode, DF1760. 


m 

H” 


— j-*- T sp T SP -►i ^ 

r 1 T 


B 



B 

Tsp T sp -►i r+- 

r — i i- 


T P D W Tp DW 

DESCRIPTION 

NAME 

MIN 

TYP 

MAX 

UNITS* 1 ) 

APPLIES TO 
MODE 

Power on to PD t 

TpDW 

2 



1/fs 

Master/Slave 

PD t to L/R t 
(LRSC = “H”) 

T SP 

-1 


+1 

1/Fclk 

Slave 

PD T to L/R i 
(LRSC = “L”) 

T S p 

-1 


+1 

1/Fclk 

Slave 

NOTE: (1) fs: sampling rate. Folk: system clock frequency. 


FIGURE 3f. Power On and Mode Reset Timing. 
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THEORY OF OPERATION The DF1760 accepts the foui 

stream from the PCM 1760 an 

MULTI-BIT ENHANCED NOISE SHAPING initial filter, and then decimate: 


A block diagram of a typical 1-bit delta-sigma modulator is 
shown in Figure 4. 

In Figure 4, the quantizer consists of a single bit which has 
two possible states, either “0” or “1”. The input signal is 
sampled at a much higher sample rate than the nyquist 
sampling frequency. The quantizer output data stream is 
digitally filtered for higher resolution nyquist data. The 
theoretical SNR is determined by the number of the order of 
the integrator and the oversampling rate. 


FIGURE 4. Single Stage 1-Bit Delta-Sigma. 


FIGURE 5. Single Stage Multi-bit Delta-Sigma. 

There is a practical limit to increasing the numbers of order 
of the integrator due to an inherent oscillation in the modu- 
lator. There is also a limit to increasing the sample rate due 
to the increase in jitter sensitivity associated with high clock 
frequencies. 

The PCM 1760 utilizes a four-bit quantizer instead of the 
conventional one-bit method. The quantizing noise of a four- 
bit quantizer is 1/16 of the one-bit version. Using the four- 
bit quantizer allows for a lesser order number of the integra- 
tor and a lower oversampling rate to achieve similar perfor- 
mance to that of a more complex one-bit system. 

A block diagram of the PCM 1760 modulator is shown in 
Figure 6. The PCM1760 is a fourth-order integrator that 
samples at 64x oversampling, and samples left and right 
channel input signal simultaneously. 



The DF1760 accepts the four-bit 64fs noise shaped data 
stream from the PCM1760 and decimates to 1/16 with an 
initial filter, and then decimates to lfs 20-bit data using a 4x 
oversampling filter. 

The PCM1760 and DF1760 combination achieves a dy- 
namic range of 108dB and SNR of llOdB even with a 
single-ended input. 





22 21 20 


+5V GND 

Power Supply 


+5V GND -5V 
Power Supply 


FIGURE 6. Multi-bit Enhanced Noise Shaping. 


| NOTE: (1) Tantalum 3.3uF. (2) Ceramic 0.1 uF. | 

FIGURE 7. Recommended Power Supply Connection and 
Decoupling. 


LAYOUT PRECAUTIONS 

Analog common and digital common of the PCM 1760 are 
not connected internally. These should be connected to- 
gether with the common of the DF1760 as close to the unit 
as possible, preferably to a large ground plane under the 
PCM 1760. 

The use of a separate +5V supply is recommended for the 
PCM 1760 and DF1760, and to connect the common at one 
point as described above. Low impedance analog and digital 
commons returns are essential for better performance. 

The power supplies should be bypassed with tantalum ca- 
pacitors as close as possible to the units. See Figure 7 for 
recommended common connections and power supplies 
bypassing. 
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OUTPUT TONE ELIMINATION 

When the sampling frequency (fs) is between 40kHz and 50 kHz 
and the L/R relative offset voltage (AVs) is less than or equal to 
0.05% of full scale range, the PCM 1760 may output a tone 
similar to an idle tone. This tone is very low and its frequency 
depends on the input L/R relative offset voltage, AVs. This 
tone never occurs when the sampling frequency (fs) is 32kHz. 
To avoid this tone, the offset voltage should be summed 
using an amplifier, buffer, active low pass filter, etc., to 
cause the input L/R relative offset voltage (AVs) to be 
greater than 0.05% of full scale range. 

It is recommended that: 

(A) Sum offset at both L/R channels 

Lch: V IL = -20mV ±10% 

Rch: V IR = +10mV ±10% 

(B) Sum offset at L channel 

Lch: V IL = -30m V ±10% 

Rch: V IR = ±lmV (by a precircuit) 

When FSR = 5V (±2.5V). 

Figure 8 shows an application circuit for summing the offset 
at both L/R channels. 

Alternately, Figure 9 shows an application circuit for use 
when fs = 48kHz which changes the external integrator 
circuit of the PCM 1760. 

MODULATOR COMPONENTS 
AND SAMPLING FREQUENCY 

The PCM 1 7 60/DF 1760 are capable to 30kHz to 50kHz fs 
sampling frequency by condition with external components 
value which are shown in Basic Connection Diagram. 

The characteristics of the modulator’s integrator can be set 
by external components. The values in the block diagram on 
page five are recommended for optimized performance. 
Low leakage, low voltage coefficient capacitors are recom- 
mended for integration capacitors. 

The tolerance of external components should be better than ±2%. 



FIGURE 8. Application Example to Eliminate the Tone 


(offset voltage implementation for both chan- 
nels). 

OFFSET ERROR CALIBRATION 

The offset voltage of the PCM 1760 and the input stage of 
the system can be compensated by using the calibration 
mode of the DF1760. Offset calibration is shown in Figure 
10. An optional analog switch is driven by a CAL output of 
the DF1760. The PD input of the DF1760 is used to initiate 
the calibration cycle. 


ANALOG INPUT AND DIGITAL OUTPUT 


Ideal output digital code range for 20-bit resolution is from 
8000H (-Full Scale) to 7FFFFH (+Full Scale). 


The DF1760, combined with 70000H (±FSR) of the 
PCM 1760, produces a digital output code range at ±FSRh 
input of 90000H (-FSR). I 


The relationship between analog input and digital output isr 
shown in Table I. 



FIGURE 9. Application Example to Eliminate the Tone (alternative modulator's integrator circuit. Only for fs = 48kHz). 
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ANALOG INPUT 

CONDITION 

DIGITAL OUTPUT 

+2.55V 

+Max Input 

72000H 

+2. 50V to +2.55V 

Overflow 

70000H to 72000H< 2) 

+2.50V 

+FSR 

70000H 

OV 

BPZ (Ideal) 

00000H (1) 

-2.50V 

-FSR 

90000H 

-2.83V to -2.85V 

Overflow 

82FFFH to 82000H< 2 > 

-2.85V 

-Max Input 

82000H 

NOTES: (1) Incase of BPZ Error = 0. (2) Overflow detection level is over 
70000H or under 82FFFH of digital output code. 


TABLE I. Output Codes. 


POWER SUPPLY SEQUENCING 

The PCM 1760 requires ±V CC and ±V DD power supplies. To 
avoid any possibility of latch-up, the ±V CC and ±V DD power 
should all be applied simultaneously or the +Vcc and +V DD 
applied first followed by -V cc and — V DD . 


POWER-ON RESET AND MODE RESET 

The timing requirements for POWER-ON RESET and 
MODE RESET are shown in Figure 3f. The DF1760 re- 
quires POWER-ON RESET when power is applied or re- 
stored. MODE RESET is required when any of the follow- 
ing has been changed: system clock, master/slave mode, 
output data format, L/R clock, calibration after POWER-ON 
in slave mode. 

This reset should be done by holding the /PD input (pin 21) 
low for more than 2/fs. Suggested reset circuits are given in 
Figures 11, 12 and 13. 

CLOCK INPUT 

After power is applied to the DF1760, the system clock 
should be provided continuously. The DF1760 employs a 
dynamic logic architecture. 


DF1760 

CAL PD 

— r 

TJ~ 




I -fs 0V +fs -fs 0V +fs 

FIGURE 10. Illustration of Offset Calibration. 






V 


I 


PGM1760 
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FIGURE 1 1 . Master Mode Reset Circuit. 



FIGURE 13. Slave Mode Reset Circuit, (LRSC = L). 
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TIMING CHARACTERISTICS 




FIGURE 15a. Slave Mode and SCLK = 32fs. (Output format of the DF1760). 
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FIGURE 15c. Slave Mode and SCLK = 64fs. 


L/R (0) 
SCLK (0) 


• MSB First 20 Bit (1) 
FSYNC (0) 
SDATA (0) 




FSYNC (0) 
SDATA (0) 


• MSB First 16 Bit 
FSYNC (0) 
SDATA (0) 


• LSB First 20 Bit 
FSYNC (0) 
SDATA (0) 



FIGURE 15d. Master Mode. 
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BURR - BROWN 


PCM54 

PCM55 


DESIGNED FOR AUDIO 


ABRIDGED DATA SHEET 
For Additional Technical 
Information, Request 
PDS-619. 


16-Bit Monolithic 

DIGITAL-TO-ANALOG CONVERTERS 


FEATURES 

• PARALLEL INPUT FORMAT 

• 16-BIT RESOLUTION 

• 15-BIT MONOTONICITY (typ) 

• -92dB TOTAL HARMONIC DISTORTION 
(K Grade) 

• 3 (as SETTLING TIME (Voltage Out) 


• 96dB DYNAMIC RANGE 

• ±3V or ±1 mA AUDIO OUTPUT 

• OPERATES ON ±5V (PCM55) to ±12V 
(PCM54) SUPPLIES 

• 28-PIN DIP (PCM54) 

• 24-LEAD SOIC (PCM55) 


DESCRIPTION 

The PCM54 and PCM55 family of converters are 
parallel input, fully monotonic, 16-bit digital- to-ana- 
log converters that are designed and specified for 
digital audio applications. These devices employ ul- 
tra-stable nichrome (NiCr) thin-film resistors to pro- 
vide monotonicity, low distortion, and low differential 
linearity error (especially around bipolar zero) over 
long periods of time and over the full operating 
temperature. 

These converters are completely self-contained with a 
stable, low noise, internal, zener voltage reference; 
high speed current switches; a resistor ladder 
network; and a fast settling, low noise output opera- 
tional amplifier all on a single monolithic chip. The 


converters are operated using two power supplies that 
can range from ±5V (PCM55) to ±12V (PCM54). 
Power dissipation with ±5V supplies is typically less 
than 200mW. Also included is a provision for exter- 
nal adjustment of the MSB error (differential linearity 
error at bipolar zero, PCM54 only) to further improve 
THD specifications if desired. 

A current output (I oux ) wiring option is provided. This 
output typically settles to within ±0.006% of FSR 
final value in 350ns (in response to a full-scale change 
in the digital input code). 

The PCM54 is packaged in 28-pin plastic DIP pack- 
age. The PCM55 is available in a 24-pin plastic mini- 
flatpak. 


Reference 

Voltage 


16-Bit Ladder 
Resistor Network 
and 

Current Switches 


Audio Output 
(Voltage) 


~ Output 
Operational 
Amplifier 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C, ±V CC = 12V, unless otherwise noted. 



PCM54HP/PCM55HP 

PCM54JP/PCM55JP 

PCM54KP 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Resolution 


16 



* 



* 


Bits 

Dynamic Range 

Logic Levels (TTL/CMOS Compatible): 


96 








dB 

V| H 

+2.4 


+5.25 

* 


* 

* 


* 

V 

V, L 

0 


+0.8 

* 


* 

* 


* 

V 

l IH , V IN = +2.7V 



+40 



* 



* 

^A 

l IL , V IN = +0.4V 



-0.5 



* 



* 

mA 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Error 


±2 






. 


% 

Bipolar Zero Error 


±30 



* 



* 


mV 

Differential Linearity Error at Biploar Zero' 1 * 


±0.001 



* 



* 


% FSR' 2 * 

Noise (rms) (20Hz to 20kHz) at Bipolar Zero 


12 



* 



* 


pV 

TOTAL HARMONIC DISTORTION' 3 * 

(16-Bit Resolution) 

V 0 = ±FS at f = 991 Hz 


-94 

-82 


■ 

B 


. 

-92 

dB 

V Q = -20dB at f = 991 Hz 


-74 

-68 




* 

-80 

-74 

dB 

V Q = -60dB at f = 991 Hz 


-34 

-28 

| 



* 

-40 

-34 

dB 

MONOTONICITY 


15 



IZJ 



* 


Bits 

SETTLING TIME (to ±0.006% of FSR) 

Voltage Output: 6V Step 


3 


II 




* 



1LSB Step 


1 






* 


ps 

Current Output (1mA Step): 10C2 to lOOil Load 


350 



|Q| 

| 


* 


ns 

1k£> Load' 4 * 


350 


■ 

- 1 



* 


ns 

Deglitcher Delay (THD Test)' 5 * 


2.5 

4 

■ 


| 


* 

* 

ps 

Slew Rate 


10 


31 | 

I | 

•Hi 




V/ps 

WARM-UP TIME 

1 



• 


□ 

* 



Min 

ANALOG OUTPUT 

Voltage Output: Bipolar Range 


±3 


■ 

H 

i 


* 


V 

Output Current 

±2 






* 



mA 

Output Impedance 


0.1 


■ 

| 

| 


* 


Q 

Short-Circuit Duration 

Indefinite to Common 

■ ■ 

- | 



* 



Current Output:' 6 * 




■ 


| 





Bipolar Range (±30%) 


±1 


| | 

| 

| 


* 


mA 

Bipolar Output Impedance (±30%) 


1.2 



m 

| 


* 


kft 

POWER SUPPLY REQUIREMENTS 

Voltage: +V CC (PCM54) 

+4.75 

+12 

+15.75 

m 

m 

* 

* 

* 

* 

V 

-V cc (PCM54) 

-4.75 

-12 

-15.75 



* 

* 

* 

* 

V 

+V CC (PCM55) 

+4.75 

+5 

+7.5 



* 

* 

* 

* 

V 

-V cc (PCM55) 

—4.75 

-5 

-7.5 



* 

* 

* 

* 

V 

Supply Drain: +V CC 


+13 

+20 

| 


* 


* 

* 

mA 

-V cc 


-16 

-25 



* 


* 

* 

mA 

TEMPERATURE RANGE 

Operating 

0 


+70 

H 

M 

* 

* 


* 

°C 

Storage 

-55 


+100 

mu 

i 





°C 


* Specifications same as for PMC54HP. 

NOTES: (1 ) Externally adjustable. If external adjustment is not used, connect a 0.01 pF capacitor to Common to reduce noise pickup. (2) FSR means Full-Scale Range 
and is 6V for ±3V output. (3) The measurement of total harmonic distortion is highly dependent on the characteristics of the measurement circuit. Burr-Brown may 
calculate THD from the measured linearity errors using equation 2 in the section on “Total Harmonic Distortion,” but specifies that the maximum THD measured with 
the circuit shown in Figure 2 will be less than the limits indicated. (4) Measured with an active clamp to provide a low impedance for approximately 200ns. (5) Deglitcher 
or sample/hold delay used in THD measurement test circuit. See Figures 2 and 3. (6) Output amplifier disconnected. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and ail use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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CONNECTION DIAGRAMS 



NOTES: (1) MSB error (BPZ differential linearity error) can be adjusted to zero 
using this external circuit. (2) Connect to bipolar operation (+V CC > 8.5 V for unipolar 
operation). (3) Connect for V 0UT operation. When V 0UT amp is not being used (l OUT 
mode), terminate with an external 3k£2 feedback resistor between pin 19 and pin 
21 , and a 1 kQ resistor between pin 21 and pin 22 to reduce possible noise effects. 


PCM55 



NOTES: (1 ) Connect for bipolar operation. (+V CC > 8.5V for unipolar operation). 
(2) Connect for V OUT operation. When V 0UT amp is not being used (l 0UT mode), 
terminate with an external 3kQ feedback resistor between pin 1 7 and pin 1 9, and 
a 1 ki2 resistor between pin 19 and pin 20 to reduce possible noise effects. 


PIN ASSIGNMENTS 


kh 

PCM54-DIP 

WESM 

PCM54-DIP 

mm 

Trim 

15 

Bit 13 

Sv 

Bit 1 (MSB) 

16 

Bit 14 


Bit 2 

17 

Bit 15 

m 

NC 

18 

Bit 16 (LSB) 


Bit 3 

19 

^OUT 

H 

Bit 4 

20 

^FB 

7 

Bit 5 

21 

SJ 

8 

Bit6 

22 

Common 

9 

Bit 7 

23 

lour 

10 

Bit 8 

24 

NC 

11 

Bit 9 

25 

^BPO 

12 

Bit 10 

26 

+V CC 

13 

Bit 11 

27 

MSB Adjust 

14 

Bit 12 

28 

-V C c 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM54HP 

28-Pin DIP 

215 

PCM54JP 

28-Pin DIP 

215 

PCM54KP 

28-Pin DIP 

215 

PCM55HP 

24-Pin SOIC 

178 

PCM55JP 

24-Pin SOIC 

178 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


PIN ASSIGNMENTS 


sms 

PCM55-SOIC 

■3B 

PCM55-SOIC 

■■ 

Bit 1 (MSB) 

13 

Bit 13 


Bit 2 

14 

Bit 14 


Bit 3 

15 

Bit 15 


Bit 4 

16 

Bit 16 


Bit 5 

17 

VoUT 

6 

Bit 6 

18 

Feedback Resisitor 

7 

Bit 7 

19 

Summing Junction 

8 

Bits 

20 

Common 

9 

Bit 9 

21 

Current Output 

10 

Bit 10 

22 

Bipolar Offset 

11 

Bit 11 

23 

+v cc 

12 

Bit 12 

24 

- V C c 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage 

+18VDC 

Input Logic Voltage 

-IV to +5.5V 

Power Dissipation 

.. PCM54 800mW, PCM55 400mW 

Storage Temperature 

-55° C to +100°C 

Lead Temperature, (soldering, 10s) ... 

+300°C 


ORDERING INFORMATION 


MODEL 

THD at FS 

PACKAGE 

PCM54HP 

0.008 

28-pin DIP 

PCM54JP 

0.004 

28-pin DIP 

PCM54KP 

0.0025 

28-pin DIP 

PCM55HP 

0.008 

24-lead SOIC 

PCM55JP 

0.004 

24-lead SOIC 
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PCM56P 

PCM56U 

DESIGNED FOR AUDIO 


Serial Input 16-Bit Monolithic 



DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• SERIAL INPUT 

• -92dB MAX THD: FS Input, K Grade, 

16 Bits 

• -74dB MAX THD: -20dB Input, K Grade, 

16 Bits 

• 96dB DYNAMIC RANGE 

• NO EXTERNAL COMPONENTS REQUIRED 

• 16-BIT RESOLUTION 

• 15-BIT MONOTONICITY, TYP 

• 0.001% OF FSR TYP DIFFERENTIAL 
LINEARITY ERROR 

• 1.5| ns SETTLING TIME, TYP: Voltage Out 

• ±3V OR ±1 mA AUDIO OUTPUT 

• EIAJ STC-007-COM P ATI B L E 

• OPERATES ON ±5V TO +12V SUPPLIES 

• PINOUT ALLOWS l 0UT OPTION 

• PLASTIC DIP OR SOIC PACKAGE 


DESCRIPTION 

The PCM56 is a state-of-the-art, fully monotonic, 
digital-to-analog converter that is designed and 
specified for digital audio applications. This device 
employs ultra-stable nichrome (NiCr) thin-film 
resistors to provide monotonicity, low distortion, and 
low differential linearity error (especially around 
bipolar zero) over long periods of time and over the 
full operating temperature. 


International Airport Industrial Park • Mailing Address: PO Box 11400 • 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • 


This converter is completely self-contained with a 
stable, low noise, internal zener voltage reference; 
high speed current switches; a resistor ladder net- 
work; and a fast settling, low noise output operational 
amplifier all on a single monolithic chip. The 
converters are operated using two power supplies that 
can range from ±5V to ± 12V. Power dissipation with 
±5V supplies is typically less than 200mW. Also 
included is a provision for external adjustment of the 
MSB error (differential linearity error at bipolar zero) 
to further improve total harmonic distortion (THD) 
specifications if desired. Few external components 
are necessary for operation, and all critical 
specifications are 100% tested. This helps assure the 
user of high system reliability and outstanding overall 
system performance. 

The PCM56 is packaged in a high-quality 16-pin 
molded plastic DIP package or SOIC and has passed 
operating life tests under simultaneous high-pressure, 
high-temperature, and high-humidity conditions. 
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SPECIFICATIONS 


ELECTRICAL 

Typical at +25°C, and nominal power supply voltages ±5V unless otherwise noted. 



PCM56U, PCM56P/-J/-K 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 

Resolution 


16 


Bits 

Digital Inputs* 1 ); V IH 

+2.4 


+V L 

V 

v, L 

0 


+0.8 

V 

lim V 1N = +2.7V 



+1.0 

pA 

l IL , V 1N = +0.4V 



-50 

HA 

Input Clock Frequency 

10.0 



MHz 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Error 


±2.0 


% 

Bipolar Zero Error 


±30 


mV 

Differential Linearity Error 


±0.001 


% of FSR* 2 > 

Noise (rms, 20Hz to 20kHz) at Bipolar Zero (V OUT models) 


6 


pV 

TOTAL HARMONIC DISTORTION 

V G = ±FS at f = 991 Hz: PCM56P-K 


-94 

-92 

dB 

PCM56P-J 


-94 

-88 

dB 

PCM56P, PCM56U 


-94 

-82 

dB 

PCM56P-L 


-94 

-80 

dB 

V 0 = -20dB at f = 991 Hz: PCM56P-K 


-75 

-74 

dB 

PCM56P-J 


-75 

-68 

dB 

PCM56P, PCM56U 


-75 

-68 

dB 

PCM56P-L 


-75 

-60 

dB 

V Q = -60dB at f = 991 Hz: PCM56P-K 


-35 

-34 

dB 

PCM56P-J 


-35 

-28 

dB 

PCM56P, PCM56U 


-35 

-28 

dB 

PCM56P-L 


-35 

-20 

dB 

MONOTONICITY 


15 


Bits 

DRIFT (0°C to +70°C) 

Total Drift* 3 * 


±25 


ppm Of FSR/°C 

Bipolar Zero Drift 


±4 


ppm of FSR/°C 

SETTLING TIME (to ±0.006% of FSR) 

Voltage Output: 6V Step 


1.5 


\is 

1LSB 


1.0 


[IS 

Slew Rate 


12 


V/ps 

Current Output, 1mA Step: 100 to 100£2 Load 


350 


ns 

1 kQ Load* 4 ) 


350 


ns 

WARM-UP TIME 

1 



Min 

OUTPUT 

Voltage Output Configuration: Bipolar Range 


±3.0 


V 

Output Current 

±8.0 



mA 

Output Impedance 

Short Circuit Duration 


0.10 


Q. 

Current Output Configuration: 

Indefinite to Common 


Bipolar Range (±30%) 


±1.0 


mA 

Output Impedance (±30%) 


1.2 


kQ. 

POWER SUPPLY REQUIREMENTS* 5 ) 

Voltage: +V S and +V L 

+4.75 

+5.00 

+13.2 

V 

-V s and -V L 

-4.75 

-5.00 

-13.2 

V 

Supply Drain (No Load): +V (+V S and +V t = +5V) 


+10.00 

+17.0 

mA 

-V(-V s and -V L = -5V) 


-25.0 

-35.0 

mA 

+V (+V S and +V L = +12V) 


+12.0 


mA 

-V (-V s and -V L = -12V) 


-27.0 


mA 

Power Dissipation: V s and V L = ±5V 


175 

260 

mW 

V s and V L = ±12V 


468 


mW 

TEMPERATURE RANGE 

Specification 

0 


+70 

°C 

Operation 

-25 


+70 

°C 

Storage 

-60 


+100 

°C 


NOTES: (1) Logic input levels are TTL/CMOS-compatible. (2) FSR means full-scale range and is equivalent to 6V (±3V) for PCM56 in the VoUT mode. (3) This is the 
combined drift error due to gain, offset, and linearity over temperature. (4) Measured with an active clamp to provide a low impedance for approximately 200ns. (5) All 
specifications assume +V S connected to +V L and -V s connected to -V L . If supplies are connected separately, -V L must not be more negative than -V s supply voltage 
to assure proper operation. No similar restriction applies to the value of +V L with respect to +V S . 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltages ±16VDC 

Input Logic Voltage -IV to +V S /+V L 

Power Dissipation 850mW 

Operating Temperature -25°C to +70°C 

Storage Temperature -60°C to +100°C 

Lead Temperature (soldering, 10s) +300°C 


PIN ASSIGNMENTS 


PIN 

DESCRIPTION 

MNEMONIC 

PI 

Analog Negative Supply 

-V s 

P2 

Logic Common 

LOG COM 

P3 

Logic Positive Supply 

+V L 

P4 

No Connection 

NC 

P5 

Clock Input 

CLK 

P6 

Latch Enable Input 

LE 

P7 

Serial Data Input 

DATA 

P8 

Logic Negative Supply 

-v u 

P9 

Voltage Output 

Vout 

P10 

Feedback Resistor 

RF 

P11 

Summing Junction 

SJ 

P12 

Analog Common 

ANA COM 

P13 

Current Output 

Iout 

P14 

MSB Adjustment Terminal 

MSB ADJ 

P15 

MSB Trim-pot Terminal 

TRIM 

P16 

Analog Positive Supply 

+v s 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM56U 

16-Pin SOIC 

211 

PCM56P 

16-Pin Plastic DIP 

180 

PCM56P-J 

16-Pin Plastic DIP 

180 

PCM56P-K 

16-Pin Plastic DIP 

180 

PCM56P-L 

16-Pin Plastic DIP 

180 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


CONNECTION DIAGRAM 



NOTE: (1) MSB error (Bipolar Zero differential linearity error) 
can be adjusted to zero using the external circuit shown in Figure 6. 


mom 


Burr-Brown 1C Data Book — Data Conversion Products 


8.2.57 


DIGITAL AUDIO PRODUCTS— D/A Kfl PCM56P/U 













For Immediate Assistance, Contact Your Local Salesperson 


DISCUSSION OF 
SPECIFICATIONS 

The PCM56 is specified to provide critical performance 
criteria for a wide variety of applications. The most critical 
specifications for D/A converter in audio applications are 
Total Harmonic Distortion, Differential Linearity Error, 
Bipolar Zero Error, parameter shifts with time and 
temperature, and settling time effects on accuracy. 

The PCM56 is factory-trimmed and tested for all critical key 
specifications. 

The accuracy of a D/A converter is described by the transfer 
function shown in Figure 1. Digital input to analog output 
relationship is shown in Table I. The errors in the D/A 
converter are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, power supply rejection, and reference 
errors. In summary, these errors consist of initial errors 
including Gain, Offset, Linearity, Differential Linearity, and 
Power Supply Sensitivity. Gain drift over temperature rotates 
the line (Figure 1) about the bipolar zero point and Offset 
drift shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener diode. 
The converter is designed so that these drifts are in opposite 
directions. This way the Bipolar Zero voltage is virtually 
unaffected by variations in the reference voltage. 



FIGURE 1 . Input vs Output for an Ideal Bipolar D/A Con- 
verter. 


POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM56 power supply sensitivity is shown by Figure 2. 
Normally, regulated power supplies with 1% or less ripple 
are recommended for use with the DAC. See also Power 
Supply Connections paragraph in the Installation and 
Operating Instructions section. 


DIGITAL INPUT CODES 

The PCM56 accepts serial input data (MSB first) in the 
Binary Two’s Complement (BTC) form. Refer to Table I 
for input/output relationships. 


DIGITAL INPUT 

ANALOG OUTPUT 

Binary Two’s 
Complement (BTC) 

DAC Output 

Voltage (V), 
V OUT Mode 

Current (mA), 
l OUT Mode 

7FFF Hex 

8000 Hex 

0000 Hex 

FFFF Hex 

+ Full Scale 
- Full Scale 
Bipolar Zero 
Zero -1LSB 

+2.999908 

-3.000000 

0.000000 

-0.000092 

-0.999970 

+1.000000 

0.000000 

+0.030500|iA 


TABLE I. Digital Input to Analog Output Relationship. 


BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit 1 “on” and all other bits “off’) 
is the deviation from OV out and is factory-trimmed to 
typically ±30mV at +25°C. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from an 
ideal 1LSB change from one adjacent output state to the 
next. DLE is important in audio applications because 
excessive DLE at Bipolar Zero (at the “major carry”) can 
result in audible crossover distortion for low level output 
signals. Initial DLE on the PCM56 is factory trimmed to 
typically ±0.001% of FSR. The MSB DLE is adjustable to 
zero using the circuit shown in Figure 6. 


SETTLING TIME 

Settling time is the total time (including slew time) required 
for the output to settle within an error band around its final 
value after a change in input (see Figure 3). 

Settling times are specified to ±0.006% of FSR: one for a 
large output voltage change of 6V and one for a 1LSB 
change. The 1LSB change is measured at the major carry 
(0000 hex to ffff hex), the point at which the worst-case 
settling time occurs. 
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Settling Time (ms) 


FIGURE 3. Full Scale Range Settling Time vs Accuracy. 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a D/A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to avoid 
undesirable periodic readjustment. The most important 
parameters are Bipolar Zero Error, Differential Linearity 
Error, and Total Harmonic Distortion. Most of the Offset 
and Gain drift with temperature or time is due to the drift of 
the internal reference zener diode. The PCM56 is designed 
so that these drifts are in opposite directions so that the 
Bipolar Zero voltage is virtually unaffected by variations in 
the reference voltage. Both DLE and THD are dependent 
upon the matching and tracking of resistor ratios and upon 
V BE and h FE of the current-source transistors. The PCM56 
was designed so that any absolute shift in these components 
has virtually no effect on DLE or THD. The resistors are 
made of identical links of ultra-stable nichrome thin-film. 
The current density in these resistors is very low to further 
enhance their stability. 

DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the smallest 
signals the converter can produce to the full-scale range and 
is usually expressed in decibels (dB). The theoretical dynamic 
range of a converter is approximately 6 X n, or about 96dB 
of a 16-bit converter. The actual, or useful, dynamic range is 
limited by noise and linearity errors and is therefore somewhat 
less than the theoretical limit. However, this does point out 
that a resolution of at least 16 bits is required to obtain a 
90dB minimum dynamic range, regardless of the accuracy 
of the converter. Another specification that is useful for 
audio applications is Total Harmonic Distortion. 

TOTAL HARMONIC DISTORTION 

THD is useful in audio applications and is a measure of the 
magnitude and distribution of the Linearity Error, Differential 
Linearity Error, and Noise, as well as Quantization Error. To 
be useful, THD should be specified for both high level and 
low level input signals. This error is unadjustable and is the 
most meaningful indicator of D/A converter accuracy for 
audio applications. 


The THD is defined as the ratio of the square root of the sum 
of the squares of the values of the harmonics to the value of 
the fundamental input frequency and is expressed in percent 
or dB. The rms value of the PCM56 error referred to the 
input can be shown to be: 


e 


ims 



[E l (i) + E Q (i)] 2 


( 1 ) 


where n is the number of samples in one cycle of any given 
sine wave, E^i) is the linearity error of the PCM56 at each 
sampling point, and E Q (i) is the quantization error at each 
sampling point. The THD can then be expressed as: 


THD = e. 


/ E„ 



[E l (i) + e q (i)] 2 


E 


rms 


x 100% 


( 2 ) 


where E rnls is the rms signal-voltage level. 

This expression indicates that, in general, there is a correlation 
between the THD and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
However, this expression does not mean that the worst-case 
linearity error of the D/A is directly correlated to the THD. 

For the PCM56 the test period was chosen to be 22.7jlis 
(44.1kHz), which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 991 Hz 
and the amplitude of the input signal is OdB, -20dB, and 
-60dB down from full scale. 


Figure 4 shows the typical THD as a function of output! 
voltage. I 

Figure 5 shows typical THD as a function of frequency. 
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FIGURE 5. Total Harmonic Distortion (THD) vs Frequency. 


A much simpler method is to dynamically adjust the DLE at 
BPZ. Again, refer to Figure 6 for circuitry and component 
values. Assuming the device has been installed in a digital 
audio application circuit, send the appropriate digital input 
to produce a-80dB level sinusoidal output. While measuring 
the THD of the audio circuit output, adjust the 100k£2 
potentiometer until a minimum level of distortion is observed. 


470kQ lOOkQ 200kQ 
Trim 15 O yA/V VW vW ° 1 ~ v s 


MSB Adjust 14 O 


FIGURE 6. MSB Adjustment Circuit. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in the 
Connection Diagram. These capacitors (lpF tantalum or 
electrolytic recommended) should be located close to the 
converter. 

MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM56 can be adjusted to make the 
differential linearity error (DLE) at BPZ essentially zero. 
This is important when the signal output levels are very low, 
because zero crossing noise (DLE at BPZ) becomes very 
significant when compared to the small code changes 
occurring in the LSB portion of the converter. 

Differential linearity error at bipolar zero and THD are 
guaranteed to meet data sheet specifications without any 
external adjustment. However, a provision has been made 
for an optional adjustment of the MSB linearity point which 
makes it possible to eliminate DLE error at BPZ. Two 
procedures are given to allow either static or dynamic 
adjustment. The dynamic procedure is preferred because of 
the difficulty associated with the static method (accurately 
measuring 16-bit LSB steps). 

To statically adjust DLE at BPZ, refer to the circuit shown 
in Figure 6, or the PCM56 connection diagram. 

After allowing ample warm-up time (5-10 minutes) to assure 
stable operation of the PCM56, select input code FFFF 
hexadecimal (all bits on except the MSB). Measure the 
audio output voltage using a 6-1/2 digit voltmeter and record 
it. Change the digital input code to 0000 hexadecimal (all 
bits off except the MSB). Adjust the 100k£2 potentiometer to 
make the audio output read 92p.V more than the voltage 
reading of the previous code (a 1LSB step = 92pV). 


INPUT TIMING CONSIDERATIONS 

Figure 7 and 8 refer to the input timing required to interface 
the inputs of PCM56 to a serial input data stream. Serial data 
is accepted in Binary Two’s Complement (BTC) with the 
MSB being loaded first. Data is clocked in on positive going 
clock (CLK) edges and is latched into the DAC input 
register on negative going latch enable (LE) edges. 

The latch enable input must be high for at least one clock 
cycle before going low, and then must be held low for at 
least one clock cycle. The last 16 data bits clocked into the 
serial input register are the ones that are transferred to the 
DAC input register when latch enable goes low. In other 
words, when more than 16 clock cycles occur between a 
latch enable, only the data present during the last 16 clocks 
will be transferred to the DAC input register. 

One requirement for clocking in all 16 bits is the necessity 
for a “17th” clock pulse. This automatically occurs when the 
clock is continuous (last bit shifts in on the first bit of the 
next data word). If the clock is stopped between input of 16- 
bit data words, the latch enable (LE) must remain low until 
after the first clock of the next 16-bit data word stream. This 
ensures that the latch is properly set up. 

Figure 7 refers to the general input format required for the 
PCM56. Figure 8 shows the specific relationships between 
the various signals and their timing constraints. 

INSTALLATION 

CONSIDERATIONS 

If the optional external MSB error circuitry is used, a 
potentiometer with adequate resolution and a TCR of lOOpprn/ 
°C or less is required. Also, extra care must be taken to 
insure that no leakage path (either AC or DC) exists to pin 
14. If the circuit is not used, pins 14 and 15 should be left 
open. 

The PCM converter and the wiring to its connectors should 
be located to provide the optimum isolation from sources of 
RFI and EMI. The important consideration in the elimination 
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(D 


MSB LSB 



NOTES: (1 ) If clock is stopped between input of 1 6-bit data words, latch enable (LE) must remain low until after the first clock of the next 1 6-bit data 
word stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch 
enable (LE) must remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going 
negative. 


FIGURE 7. Input Timing Diagram. 



of RF radiation or pickup is loop area; therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor are 
wired close together, they represent a small flux-capture 
cross section for any external field. This reduces radiation 
pickup in the circuit. 


APPLICATIONS 

Figures 9 and 10 show a circuit and timing diagram for a 
single PCM56 used to obtain both left- and right-channel 
output in a typical digital audio system. The audio output of 
the PCM56 is alternately time-shared between the left and 
right channels. The design is greatly simplified because the 
PCM56 is a complete D/A converter requiring no external 
reference or output op amp. 

A sample/hold (S/H) amplifier, or “deglitcher” is required at 
the output of the D/A for both the left and right channel, as 
shown in Figure 9. The S/H amplifier for the left channel is 
composed of A,, SW,, and associated circuitry. A 1 is used as 
an integrator to hold the analog voltage in Cj. Since the 


source and drain of the FET switch operate at a virtual 
ground when “C” and “B” are connected in the sample 
mode, there is no increase in distortion caused by the 
modulation effect of R ON by the audio signal. 


Figure 10 shows the deglitcher controls for both left and 
right channels which are produced by timing control logic. 
A delay of 1.5ps (ten) is provided to allow the output of the 
PCM56 to settle within a small error band around its final 
value before connecting it to the channel output. Due to the 
fast settling time of the PCM56 it is possible to minimize the 
delay between the left- and right-channel outputs when 
using a single D/A converter for both channels. This is 
important because the right- and left-channel data are recorded 
in-phase and the use of the slower D/A converter would 
result in significant phase error at higher frequencies. 


The obvious solution to the phase shift problem in a two- 
channel system would be to use two D/A converters (one per 
channel) and time the outputs to change simultaneously .1 
Figure 1 1 shows a block diagram of the final test circuitryl 
used for PCM56. It should be noted that no deglitching 
circuitry is required on the DAC output to meet specified 
THD performance. This means that when one PCM56 is 
used per channel, the need for all the sample/hold and 
controls circuitry associated with a single DAC (two-channel) 
design is effectively eliminated. The PCM56 is tested to 
meet its THD specifications without the need for output 
deglitching. 


A low-pass filter is required after the PCM56 to remove all 
unwanted frequency components caused by the sampling 
frequency as well as those resulting from the discrete nature 
of the D/A output. This filter must have a flat frequency 
response over the entire audio band (0- 20kHz) and a very 
high attenuation above 20kHz. 


Most previous digital audio circuits used a higher order (9- 
13 pole) analog filter. However, the phase response of an 
analog filter with these amplitude characteristics is nonlinear 
and can disturb the pulse-shaped characteristic transients 
contained in music. 


EMM 1 
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SECOND GENERATION SYSTEMS 

One method of avoiding the problems associated with a 
higher order analog filter would be to use digital filter 
oversampling techniques. Oversampling by a factor of two 
would move the sampling frequency (88.2kHz) out to a 
point where only a simple low-order phase-linear analog 
filter is required after the deglitcher output to remove 
unwanted intermodulation products. In a digital compact 
disc application, various VLSI chips perform the functions 
of error detection/correction, digital filtering, and formatting 
of the digital information to provide the clock, latch enable, 
and serial input to the PCM56. These VLSI chips are 


available from several sources (Sony, Yamaha, Signetics, 
etc.) and are specifically optimized for digital audio 
applications. 

Oversampled circuitry requires a very fast D/A converter 
since the sampling frequency is multiplied by a factor of two 
or more (for each output channel). A single PCM56 can 
provide two-channel oversampling at a 4X rate (176.4kHz/ 
channel) and still remain well within the settling time 
requirements for maintaining specified THD performance. 
This would reduce the complexities of the analog filter even 
further from that used in 2X oversampling circuitry. 


Ri R 2 

2.2kQ 2.2kQ 



| NOTE: (1) 1 OPA1Q1 AM or 1/4 OPA4Q4KP or 1 OPA6Q6KP or OPA26Q4. j 

FIGURE 9. A Sample/Hold Amplifier (Deglitcher) is Required at the Digital-to- Analog Output for Both Left and Right Channels. 



44.1kHz ► 


D 

iy Left Channel ^ 

^ Right Channel j 

Left Channel ^ 

^ Right Channel ^ 

c 


Latch Enable \ R R R R 


Right Channel 

— — t<o = 1 .5|js DAC Settling Time 

n ; n 

Deglitcher Control 


Left Channel 

n n 

Deglitcher Control 



t delay 4.5ps max 

The deglitcher control signals by timing control logic. The fast settling time of the PCM56 makes it possible to 

minimize the delay between left and right channels to about 4.5ps, which reduces phase error at the higher audio frequencies. 


FIGURE 10. Timing Diagram for the Deglitcher Control Signals. 
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FIGURE 11. Block Diagram of Distortion Test Circuit. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PCM58P 


Precision, 18-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


• 18-BIT MONOLITHIC AUDIO D/A 
CONVERTER 

• VERY LOW MAX THD+N: -96dB Without 
External Adjustment; PCM58P-K 

• SERIAL INPUT FORMAT 100% 
COMPATIBLE WITH INDUSTRY STD 
16-BIT PCM56P 

• VERY FAST SETTLING, GLITCH-FREE 
CURRENT OUTPUT (200ns) 

• LOW-NOISE SCHMITT TRIGGER LOGIC 
INPUT CIRCUITRY 

• COMPLETE WITH REFERENCE 

• RELIABLE PLASTIC 28-PIN DIP 
PACKAGE 


DESCRIPTION 

The PCM58P is a complete, precision 18-bit digital- 
to-analog converter with ultra-low distortion over a very 
wide frequency range. The latched serial input data 
format of the PCM58P is totally based on the widely 
successful 16-bit PCM56P format (with the addition of 
two more data bits). The PCM58P features a very low 
noise and fast settling current output. 

The PCM58P comes in a 28-pin plastic DIP package. 
A provision is made for external adjustment of the four 
MSBs to further improve the PCM58P’ s specifications, 
if desired. Applications include very low distortion 
frequency synthesis and high-end consumer and pro- 
fessional digital audio applications. 


Latch Enable O — 


Data o — 



— O V REF 

— O MSBAdj 
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SPECIFICATIONS 


ELECTRICAL 

All Specifications at 25°C, and ±V CC = +5.0V and -1 2.0V unless otherwise noted. 




PCM58P /P,J/P,K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




18 

BITS 

DYNAMIC RANGE 



108 


dB 

DIGITAL INPUT 






Logic Family 


TTL/CMOS Compatible 


Logic Level: V IH 


+2.0 


+V cc 

V 

v 1L 


0.0 


0.8 

V 

! 1H 

V |H = +2.7V 



+1.0 

pA 

l,L 

V 1L = +0.4V 



-50 

pA 

Data Format 



Serial BTC (1) 



Input Clock Frequency 


16.9 

20 


MHz 

DYNAMIC CHARACTERISTICS 






TOTAL HARMONIC DISTORTION + N< 2 > 

Without MSB Adjustments 





PCM58P: 






f = 991Hz (OdBP 

f s = 1 76.4kHz (4) 


-94 

-92 

dB 

f = 991 Hz (-20dB) 

f s = 176.4kHz 


-74 

-72 

dB 

f = 991 Hz (-60dB) 

f s = 176.4kHz 


-40 

-34 

dB 

PCM58P-J: 






f = 991 Hz (OdB) 

f s = 176.4kHz 


-96 

-94 

dB 

f = 991 Hz (-20dB) 

f s = 176.4kHz 


-80 

-74 

dB 

f = 991Hz (-60dB) 

f s = 176.4kHz 


-40 

-34 

dB 

PCM58P-K 






f = 991 Hz (OdB) 

f s = 176.4kHz 


-100 

-96 

dB 

f = 991 Hz (-20dB) 

f s = 176.4kHz 


-82 

—80 

dB 

f = 991 Hz (-60dB) 

f s = 176.4kHz 


-42 

-40 

dB 

TRANSFER CHARACTERISTICS 






ACCURACY 






Gain Error 



±1 

±2 

% ' 

Bipolar Zero Error (5) 



±10 


mV 

Gain Drift 

0°C to 70°C 


25 


ppm/°C 

Bipolar Zero Drift 

0°C to 70°C 


4 


ppm of FSR/°C 

Warm-up Time 


1 



Minute 

IDLE CHANNEL SNR< 6 > 

20Hz to 20kHz at BPZ< 7 > 


+126 


dB 

POWER SUPPLY REJECTION 



+72 


dB 

ANALOG OUTPUT 






Output Range 


±0.98 

±1.0 

±1.02 

mA 

Output Impedance 



1.2 


kQ 

Internal Feedback 



3 


kQ 

Settling Time 

1 mA Step 


200 


ns 

Glitch Energy 


Meets al 

1 THD+N Spec 

:s Without Ext( 

jrnal Deglitching 

POWER SUPPLY REQUIREMENTS 






+V CC Supply Voltage 


+4.75 

+5.00 

+5.50 

V 

-V cc Supply Voltage 


-10.8 

-12.0 

-13.2 

V 

Supply Current +l cc 

+V CC = +5.0V 


+10 


mA 

Hoc 

-V cc = -12.0V 


-30 


mA 

Power Dissipation 



410 


mW 

TEMPERATURE RANGE 






Specification 


0 


+70 

°C 

Operating 


-30 


+70 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1 ) Binary Two’s Complement coding. (2) Ratio of (Distortion RMS + Noise RMS ) / Signal RMS . (3) D/A converter output frequency/signal level. (4) D/A converter 
sample frequency (4 x 44.1 kHz; 4 times oversampling). (5) Offset error at bipolar zero. (6) Measured using an OPA27 and 1 0k£2 feedback and an A-weighted filter. 
(7) Bipolar Zero. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN ASSIGNMENTS 


For Immediate Assistance, Contact Your Local Salesperson 

ORDERING INFORMATION 


PIN 

DESCRIPTION 

MNEMONIC 

mm 

Decoupling Capacitor 

CAP 

■29 

+Vcc Voltage Supply 

+V cc 

■a 

Decoupling Capacitor 

CAP 

P4 

Decoupling Capacitor 

CAP 

P5 

Bipolar Offset Point 

BPO 

P6 

Current DAC l OUT 

*OUT 

P7 

Feedback Resistor 

r f1 

P8 

Analog Common 

ACOM 

P9 

-V cc Voltage Supply 

"Vcc 

P10 

Feedback Resistor 

r F2 

P11 

Digital Common 

DCOM 

P12 

No Connection 

NC 

P13 

+V CC Voltage Supply 

+ V CC 

P14 

No Connection 

NC 

P15 

Decoupling Capacitor 

CAP 

P16 

Clock 

CLK 

P17 

DAC Latch Enable 

LE 

P18 

No Connection 

NC 

P19 

Data Input 

DATA 

P20 

-V cc Voltage Supply 

-V C c 

P21 

No Connection 

NC 

P22 

No Connection 

NC 

P23 

No Connection 

NC 

P24 

Bit 4 Adjust 

B4 ADJ 

P25 

Bit 3 Adjust 

B3 ADJ 

P26 

Bit 2 Adjust 

B2 ADJ 

P27 

Bit 1 (MSB) Adjust 

B1 ADJ 

P28 

Bit Adjust V POT 

VpQT 


PCM58P -X 

Basic Model Number — — ] 

P: Plastic 

Performance Grade Code 


ABSOLUTE MAXIMUM RATINGS 


±V CC Supply Voltages +6V; -16V 

Input Logic Voltage -1 V to +V CC 

Storage Temperature -60°C to +100°C 

Lead Temperature (soldering, 10s) +300°C 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM58P 

28-Pin Plastic DIP 

215 

PCM58P, J 

28-Pin Plastic DIP 

215 

PCM58P, K 

28-Pin Plastic DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 



LOW-PASS FILTER 
CHARACTERISTIC 






















~ 1 




rf 






1 10 1 10 2 10 3 10 4 10 5 
Frequency (Hz) 


FIGURE 1 . PCM58P Production THD+N Test Setup. 


DISCUSSION OF 
SPECIFICATIONS 

TOTAL HARMONIC DISTORTION + NOISE 

The key specification for the PCM58P is total harmonic 
distortion plus noise. Digital data words are read into the 
PCM58P at four times the standard audio sampling frequency 
of 44. 1kHz or 176.4kHz such that a sinewave output of 99 1Hz 
is realized. For production testing, the output of the DAC 
goes to a programmable gain amplifier to provide gain at 


lower signal output test levels and then through a 20kHz 
low pass filter before being fed into an analog type distortion 
analyzer. Figure 1 shows a block diagram of the production 
THD+N test setup. 
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In terms of signal measurement, THD+N is the ratio of 
Distortion RMS + Noise RMS / Signal RMS expressed in dB. For 
the PCM58P, THD+N is 100% tested at three different output 
levels using the test setup shown in Figure 1 . It is significant 
to note that this test setup does not include any output 
deglitching circuitry. This means the PCM58P even meets 
its -60dB THD+N specification without use of external 
deglitchers. 

ABSOLUTE LINEARITY 

Even though absolute integral and differential linearity specs 
are not given for the PCM58P, the extremely low THD+N 
performance is typically indicative of 15-bit to 16-bit integral 
linearity in the DAC depending on the grade specified. The 
relationship between THD+N and linearity, however, is not 
such that an absolute linearity specification for every indi- 
vidual output code can be guaranteed. 

IDLE CHANNEL SNR 

Another appropriate spec for a digital audio converter is idle 
channel signal-to-noise ratio (idle channel SNR). This is the 
ratio of the noise on the DAC output at bipolar zero in relation 
to the full scale range of the DAC. The output of the DAC 
is band-limited from 20Hz to 20kHz and an A-weighted Biter 
is applied to make this measurement. The idle channel SNR 
for the PCM58P is typically greater than +126dB, making 
it ideal for low-noise applications. 

OFFSET, GAIN, AND TEMPERATURE DRIFT 

Although the PCM58P is primarily meant for use in dynamic 
applications, specifications are also given for more traditional 
DC parameters such as gain error, bipolar zero offset error, 
and temperature gain drift and offset drift. 


TIMING CONSIDERATIONS 

The PCM58P accepts TTL-compatible logic input levels. 
Noise immunity is enhanced by the use of Schmitt trigger 
input architectures on all input signal lines. The data format 
of the PCM58P is binary two’s complement (BTC) with the 
most significant bit (MSB) being first in the serial input bit 
stream. Table I describes the exact input data to voltage output 
coding relationship. Any number of bits can precede the 18 
bits to be loaded as only the last 18 will be transferred to 
the parallel DAC register after LE (PI 7; latch enable) has 
gone low. 

The individual DAC serial input data bit shifts transfer are 
triggered on positive CLK edges. The serial to parallel data 
transfer to the DAC occurs on the falling edge of LE (PI 7). 
Refer to Figure 2 for graphical relationships of these signals. 


MAXIMUM CLOCK RATE 

The maximum clock rate of 16.9mHz for the PCM58P is 
derived by multiplying the standard audio sample rate of 
44. 1 kHz times sixteen ( 1 6X oversampling) times the standard 
audio word bit length of 24 (44.1kHz x 16 x 24 = 16.9mHz). 
Note that this clock rate accommodates a 24-bit word length, 
even though only 18 bits are actually being used. 


DIGITAL INPUT 

ANALOG OUTPUT 

Binary Two’s 
Complement (BTC) 

DAC Output 

Voltage (V) 
V 0UT Mode 

Current (mA) 

'out Mode 

3FFFF Hex 
20000 Hex 
1FFFF Hex 
00000 Hex 

+FS 

BPZ 

BPZ - 1 LSB 
-FS 

+2.9999943 

0.0000000 

-0.0000057 

-3.0000000 

-0.9999981 
0.0000000 
+0.0000019 
+1 .0000000 


TABLE I. PCM60P Input/Output Relationships. 


ifiJirLn 

TkBQQ GDCDCTTDGDGiOlII) 


PI 7 (Latch Enable) 


NOTES: (1 ) If clock is stopped between input of 1 8-bit data words, latch enable (LE) must remain low until after the first clock of the next 1 8-bit data word stream. 
(2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch enable (LE) must 
remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going negative. 


FIGURE 2. PCM58P Timing Diagram. 
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“STOPPED-CLOCK” OPERATION 

The PCM58P is normally operated with a continuous clock 
input signal. If the clock is to be stopped in between input 
data words, the last 18-bits shifted in are not actually shifted 
from the serial register to the latched parallel DAC register 
until LE (latch enable) goes low. If the clock input (PI 6, 
CLK) is stopped between data words, LE (PI 7) must remain 
low until after the first clock cycle of the next data word 
to insure proper DAC operation. In either case, the setup and 
hold times for DATA and LE must still be observed as shown 
in Figure 3. 

INSTALLATION 

Refer to Figure 4 for proper connection of the PCM58P in 
the voltage-out mode using the internal feedback resistor. 
The feedback resistor connections (P7 and P10) should be 
connected to ACOM (P8) if not used. The PCM58P requires 
only a +5V and -12V supply. It is very important that these 
supplies be as “clean” as possible to reduce coupling of supply 
noise to the output. Power supply decoupling capacitors 
shown in Figure 4 should be used, regardless of how good 
the supplies are to maximize power supply rejection. All 
grounds should be connected to the analog ground plane as 
close to the PCM58P as possible. 



FIGURE 3. PCM58P Setup and Hold Timing Diagram. 


FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 4, other various decoupling capacitors 
are required around the supply and reference points with no 
special tolerances being required. Placement of all capacitors 
should be as close to the appropriate pins of the PCM58P 
as possible to reduce noise pickup from surrounding circuitry. 
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MSB ADJUSTMENT CIRCUITRY 

With the optional bit adjustment circuitry shown in Figure 
4, even greater performance can be realized by reducing the 
first four major bit carry output errors to zero. The most 
important adjustment for low level outputs would be the step 
between BPZ (bipolar zero; MSB on, all other bits off) and 
the code, which is one LSB less than BPZ (MSB off, all 
other bits on), since every crossing of zero would go through 
this bipolar major carry point. This MSB bit adjustment would 
be made by outputing a very low level signal sine wave and 
calibrating the lOOkQ potentiometer circuit connected to P28 
and P27 while monitoring the THD+N of the PCM58P until 
peak performance is observed. 


Bits 2 through 4 can also be adjusted if desired to obtain 
optimum full-scale output THD+N performance. An addi- 
tional lOOkQ potentiometer adjustment circuit is required for 
every additional bit to be adjusted. If bit adjustment is not 
performed, the respective pins on the PCM58P should be 
left open. 

Once bit adjustment is performed, the reference voltage at 
VPOT (P28) will track the internal reference, insuring that 
the THD+N performance of the PCM58P will remain unaf- 
fected by external temperature changes. 


real 
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BURR - BROWN® 




PCM61P 


Serial Input 18-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 18-BIT MONOLITHIC AUDIO D/A 
CONVERTER 

• LOW MAX THD + N: -92dB Without 
External Adjust 

• 100% PIN COMPATIBLE WITH INDUSTRY 
STD 16-BIT PCM56P 

• GLITCH FREE OUTPUT OF ±3V OR ±1mA 

• CAPABLE OF 8X OVERSAMPLING RATE 
IN V 0UT MODE 

• COMPLETE WITH INTERNAL REFERENCE 
AND OUTPUT OP AMP 

• RELIABLE PLASTIC 16-PIN DIP PACKAGE 


DESCRIPTION 

The PCM61P is an 18-bit totally pin compatible per- 
formance replacement for the popular 16-bit PCM56P. 
With the addition of two extra bits, lower max THD + 
N (-92dB; PCM61P-K) can be achieved in audio appli- 
cations already using the PCM56P. The PCM61P is 
complete with internal reference and output op amp and 
requires no external parts to function as an 1 8-bit DAC. 
The PCM61P is capable of an 8-times oversampling 
rate (single channel) and meets all of its specifications 
without an external output deglitcher. 

The PCM61P comes in a small, reliable 16-pin plastic 
DIP package that has passed operating life tests under 
simultaneous high temperature, high humidity and high 
pressure testing. 



International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate ProductInfo: (800)548-6132 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at 25°C, and +V CC = +5V unless otherwise noted. 




PCM61 P/P, J/P, K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




18 

Bits 

DYNAMIC RANGE 



108 


dB 

DIGITAL INPUT 






Logic Family 


TTLVCMOS Compatible 


Logic Level: V IH 


+2 


+ v cc 

V 

v IL 


0 


+0.8 

V 

•|H 

V, H = +2.7V 



+1 

pA 


V 1L = +0.4V 



-50 

pA 

Data Format 


Serial BTC* 1 * 




Input Clock Frequency 




16.9 

MHz 

DYNAMIC CHARACTERISTICS 






Total Harmonic Distortion + N* 2 > 

Without MSB Adjustments 





PCM61P 






f = 991 Hz (OdB)* 3 * 

f s = 176.4kHz* 4 * 


-88 

-82 

dB 

f = 991 Hz (-20dB) 

f s = 176.4kHz 


-74 

-68 

dB 

f = 991 Hz (-60dB) 

f s = 176.4kHz 


-34 

-28 

dB 

PCM61 P-J 






f = 991 Hz (OdB) 

f s = 176.4kHz 


-94 

-88 

dB 

f = 991 Hz (-20dB) 

f s = 176.4kHz 


-76 

-74 

dB 

f = 991Hz (-60dB) 

f s = 176.4kHz 


-36 

-34 

dB 

PCM61P-K 






f = 991 Hz (OdB) 

f s = 176.4kHz 


-98 

-92 

dB 

f = 991Hz(-20dB) 

f s = 176.4kHz 


-80 

-74 

dB 

f = 991Hz(-60dB) 

f s = 176.4kHz 


-40 

-34 

dB 

IDLE CHANNEL SNR 

20Hz to 20kHz at BPZ* 5 * 


112 


dB 

TRANSFER CHARACTERISTICS 






ACCURACY 






Gain Error 



±2 


% 

Bipolar Zero Error 



±30 


mV 

Differential Linearity Error 



±0.001 


% 

Total Drift* 6 * 

0°C to 70°C 


±25 


ppm of FSR/°C 

Bipolar Zero Drift 

0°C to 70°C 


±4 


ppm of FSR/°C 

Warm-up Time 


1 



Minute 

MONOTONICITY 



16 


Bits 

ANALOG OUTPUT 






Voltage: Output Range 



±3 


V 

Output Current 


±8 



mA 

Output Impedance 



0.1 


Q. 

Current: Output Range 

±30% 


±1 


mA 

Output Impedance 

±30% 


1.2 


kO 

SETTLING TIME 

To ±0.006% of FSR 





Voltage: 6V Step 



1.5 


ps 

1 LSB 



1.0 


ps 

Slew Rate 



12 


V/ps 

Current: 1mA Step 

10£i to 100L> Load 


250 


ns 

1 mA Step 

1 kflt Load 


350 


ns 

Glitch Energy 

Meets all THD + N 

specs without 

external degli 

tching 


POWER SUPPLY REQUIREMENTS* 7 * 






±V CC Supply Voltage 


±4.75 

±5 

±13.2 

V 

Supply Current: +l cc 

+V CC = +5V 


+10 

+17 

mA 

+ I CC 

> 

CM 

>° 

+ 


+12 


mA 

-l C c 

-V CC = -5V 


-25 

-35 

mA 

-'cc 

-V CC = -12V 


-27 


mA 

Power Dissipation 

±V CC = ±5V 


175 

260 

mW 


±V CC = ±12V 


475 


mW 

TEMPERATURE RANGE 






Specification 


0 


+70 

°C 

Operating 


-30 


+70 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1) Binary Two’s. Complement coding. (2) Ratio of (Distortion RMS + Noise RMS )/Signal RMS . (3) D/A converter output frequency/signal level. (4) D/A converter 
sample frequency (4 x 44.1 kHz; 4 times oversampling). (5) Bipolar zero, using A-weighted filter. (6) This is the combined drift error due to gain, offset, and linearity over 
temperature. (7) All positive and all negative supply pins must be tied together respectively. 


mm 
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PIN ASSIGNMENTS 


PIN 

FUNCTION 

DESCRIPTION 

1 

-V 8 

Analog Negative Supply 

2 

LOG COM 

Logic Common 

3 

+V L 

Logic Positive Supply 

4 

NC 

No Connection 

5 

CLK 

Clock Input 

6 

LE 

Latch Enable Input 

7 

DATA 

Serial Data Input 

8 

-V L 

Logic Negative Supply 

9 

Vour 

Voltage Output 

10 

RF 

Feedback Resistance 

11 

SJ 

Summing Junction 

12 

ANA COM 

Analog Common 

13 

'oUT 

Current Output 

14 

MSB ADJ 

MSB Adjustment Terminal 

15 

TRIM 

MSB Trim-pot Terminal 

16 

+v s 

Analog Positive Supply 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltages ±16VDC 

Input Logic Voltage -IV to V S /+V L 

Power Dissipation 850mW 

Operating Temperature Range -25°C to +70°C 

Storage Temperature Range -60°C to +100°C 

Lead Temperature (soldering, 10s) +300°C 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM61P-P 

16-Pin Plastic DIP 

o 

00 

PCM61 P-J 

16-Pin Plastic DIP 

180 

PCM61P-K 

16-Pin Plastic DIP 

o 

00 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


CONNECTION DIAGRAM 



NOTE: (1) MSB error (Bipolar Zero differential linearity error) can be 
adjusted to zero using the external circuit shown in Figure 4. 


DIGITAL INPUT 

ANALOG OUTPUT 

Binary Two’s 
Complement (BTC) 

DAC Output 

Voltage (V) 
V 0 ut Mode 

Current (mA) 

'out Mode 

1FFFF Hex 
00000 Hex 
3FFFF Hex 
20000 Hex 

+FS 

BPZ 

BPZ-1LSB 

-FS 

-0.99999237 
0.00000000 
+0.00000763 
+1 .00000000 

+2.9999771 1 
0.00000000 

-0.00002289 

-3.00000000 


TABLE I. PCM61P Input/Output Relationships. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PI 7 (Latch Enable) 


NOTES: (1 ) If clock is stopped between input of 1 8-bit data words, latch enable (LE) must remain low until after the first clock of the next 1 8-bit data word stream. 
(2) Data format is binary two's complement (BT C). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch enable (LE) must remain 
low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going negative. 


MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM61P can be adjusted to make the 
differential linearity error (DLE) at BPZ essentially zero. This 
is important when the signal output levels are very low, 
because zero crossing noise (DLE at BPZ) becomes very 
significant when compared to the small code changes occur- 
ring in the LSB portion of the converter. 

To statically adjust DLE at BPZ, refer to the circuit shown in 
Figure 3 or the PCM61P connection diagram. 

Differential linearity error at bipolar zero and THD are guar- 
anteed to meet data sheet specifications without any external 
adjustment. However, a provision has been made for an 
optional adjustment of the MSB linearity point, which makes 
it possible to eliminate DLE error at BPZ. Two procedures arel 
given to allow either static or dynamic adjustment. Thel 
dynamic procedure is preferred because of the difficulty^ 
associated with the static method (accurately measuring 16- 
bit LSB steps). 

After allowing ample warm-up time (5-10 minutes) to assure 
stable operation of the PCM61P, select input code 3FFFF 
hexadecimal (all bits on except the MSB). Measure the output 
voltage using a 6-1/2 digit voltmeter and record it. Change the 
digital input code to 00000 hexadecimal (all bits off except the 
MSB). Adjust the 100k£2 potentiometer to make the output 
read 22.9pV more than the voltage reading of the previous 
code (a 1LSB step = 22.9pV). A much simpler method is to 
dynamically adjust the DLE at BPZ. Assuming the device has 
been installed in a digital audio application circuit, send the 
appropriate digital input to produce a -60dB level sinusoidal 
output, then adjust the lOOkQ potentiometer until a minimum 
level of distortion is observed. 


FIGURE 1. PCM61P Timing Diagram. 



FIGURE 2. PCM61P Setup and Hold Timing Diagram. 

MAXIMUM CLOCK RATE 


The maximum clock rate of 16.9MHz for the PCM61P is 
derived by multiplying the standard audio sample rate of 
44. 1 kHz times sixteen ( 1 6 x oversampling) times the standard 
audio word bit length of 24 (44. 1kHz x 16 x 24 = 16.9MHz). 
Note that this clock rate accommodates a 24-bit word length, 
even though only 18 bits are actually being used. 


470kL2 lOOkQ 200kQ 

MSB Adjust 14 O 



FIGURE 3. MSB Adjust Circuit. 
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BURR -BROWN® 




PCM63P 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


Colinear ™ 20-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


DESCRIPTION 


• COLINEAR 20-BIT AUDIO DAC 

• NEAR-IDEAL LOW LEVEL OPERATION 

• GLITCH-FREE OUTPUT 

• ULTRA LOW -96dB max THD + N 
(Without External Adjustment) 

• 116dB SNR min (A-Weight Method) 

• INDUSTRY STD SERIAL INPUT FORMAT 

• FAST (200ns) CURRENT OUTPUT 
(±2mA; ±2% max) 

• CAPABLE OF 16x OVERSAMPLING 

• COMPLETE WITH REFERENCE 


The PCM63P is a precision 20-bit digital-to-analog 
converter with ultra-low distortion (-96dB max with a 
full scale output; PCM63P-K). Incorporated into the 
PCM63P is a unique Colinear dual-D AC per channel 
architecture that eliminates unwanted glitches and 
other nonlinearities around bipolar zero. The PCM63P 
also features a very low noise (116dB max SNR; A- 
weighted method) and fast settling current output 
(200ns typ, 2mA step) which is capable of 16-times 
oversampling rates. 

Applications include very low distortion frequency 
synthesis and high-end consumer and professional 
digital audio applications. 


+5V +5V -5V -5V Upper Lower 

Analog Digital Analog Digital B2 Adj B2 Adj 



Reference Servo 


Decouple Decouple 

Colinear™, Burr-Brown Corp. 

International Airport Industrial Park • Mailing Address: PO Box 1 1 400 
Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • 


Potentiometer Analog Digital 

Voltage Common Common 

• Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at 25°C and ±V A and ±V D = ±5V, unless otherwise noted. 




PCM63P, PCM63P.J, PCM63P.K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


20 



Bits 

DYNAMIC RANGE, THD + N at -60dB Ref 

erred to Full Scale 





PCM63P 


96 

100 


dB 

PCM63P-J 


100 

104 


dB 

PCM63P-K 


104 

108 


dB 

DIGITAL INPUT 






Logic Family 


TTL/CMOS Compatible 


Logic Level: V IH 


+2 


+v D 

V 

v IL 


0 


0.8 

V 

l |H 

V |H = +2.7V 



+1 

pA 


V IL = +0.4V 



-50 

pA 

Data Format 


Serial, MSB First, BTC (1) 


Input Clock Frequency 



30 

25 

MHz 

TOTAL HARMONIC DISTORTION + N< 2 >, Without Adjustments 1 





PCM63P 






f = 991Hz (0dB) (3) 

f s = 352.8kHz (4) 


-92 

-88 

dB 

f = 991Hz (-20dB) 

f s = 352.8kHz 


-80 

-74 

dB 

f = 991Hz (-60dB) 

f s = 352.8kHz 


-40 

-36 

dB 

PCM63P-J 






f = 991Hz (OdB) 

f s = 352.8kHz 


-96 

-92 

dB 

f = 991 Hz (-20dB) 

f s = 352.8kHz 


-82 

-76 

dB 

f - 991 Hz (-60dB) 

f s = 352.8kHz 


-44 

-40 

dB 

PCM63P-K 






f = 991Hz (OdB) 

f s = 352.8kHz 


-100 

-96 

dB 

f = 991 Hz (-20dB) 

f s = 352.8kHz 


-88 

-82 

dB 

f = 991Hz (-60dB) 

f s = 352.8kHz 


-48 

-44 

dB 

ACCURACY 






Level Linearity 

at -90dB Signal Level 


±0.3 

±1 

dB 

Gain Error 



±1 

±2 

% 

Bipolar Zero Error< 5) 



±10 


mV 

Gain Drift 

0°C to 70°C 


25 


ppm/°C 

Bipolar Zero Drift 

0°C to 70°C 


4 


ppm of FSR/°C 

Warm-up Time 


1 



Minute 

IDLE CHANNEL SNR< 6 > 

20Hz to 20kHz at BPZ< 7 > 

+116 

+120 


dB 

POWER SUPPLY REJECTION 



+86 


dB 

ANALOG OUTPUT 






Output Range 


±1.96 

±2.00 

±2.04 

mA 

Output Impedance 



670 


a 

Internal R FEEDBACK 



1.5 


kQ 

Settling Time 

2mA Step 


200 


ns 

Glitch Energy 


Ni 

o Glitch Around Ze 

ro 


POWER SUPPLY REQUIREMENTS 






±V A , ±V D Supply Voltage Range 


±4.50 

±5 

±5.50 

V 

+I A , +I D Combined Supply Current 

+V A , +V D = +5V 


10 

15 

mA 

-l A , -l D Combined Supply Current 

-V a .“V d = -5V 


-35 

-45 

mA 

Power Dissipation 

±V A , ±V D = ±5V 


225 

300 

mW 

TEMPERATURE RANGE 






Specification 


0 


+70 

°C 

Operating 


-40 


+85 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1 ) Binary Two’s Complement coding. (2) Ratio of (Distortion RMS + Noise RMS ) / Signal RMS . (3) D/A converter output frequency (signal level). (4) D/A converter 
sample frequency (8 x 44.1kHz; 8x oversampling). (5) Offset error at bipolar zero. (6) Measured using an OPA27 and 1.5kQ feedback and an A-weighted filter. 
(7) Bipolar Zero. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 

® 

Burr-Brown IC Data Book — Data Conversion Products 


emi 


8.2.75 


DIGITAL AUDIO PRODUCTS— D/A Bifl PCM63P 








For Immediate Assistance, Contact Your Local Salesperson 


DICE INFORMATION 


PAD 

FUNCTION 

1 

CAP 

2 

+V A 

3 

CAP 

4 

CAP 

5 

BPO 

6 

*OUT 

7 

ACOM 

8 

NC 

9 

RFi 

10 

rf 2 

11 

-v D 

12 

DCOM 

13 

+v D 

14 

NC 

15 

NC 

16 

NC 

17 

NC 

18 

CLK 

19 

NC 

20 

LE 

21 

DATA 

22 

NC 

23 

UB2 Adj 

24 

LB2 Adj 

25 

VpOT 

26 

NC 

27 

NC 

28 

-V A 


NC: No Connection. 



PCM63P DIE TOPOGRAPHY 


MECHANICAL INFORMATION 



MILS (0.001”) 

MILLIMETERS 

Die Size 

Die Thickness 
Min. Pad Size 

229 x 161 ±5 
20 ±3 

4x4 

5.82x4.09 ±0.13 
0.51 ±0.08 
0.10x0.10 

| Backing Gold j 


PIN ASSIGNMENTS 


ABSOLUTE MAXIMUM RATINGS 


'lH3i 

DESCRIPTION 

MNEMONIC 

pi 

Servo Amp Decoupling Capacitor 

CAP 

P2 

+5V Analog Supply Voltage 

+V A 

P3 

Reference Decoupling Capacitor 

CAP 

P4 

Offset Decoupling Capacitor 

CAP 

P5 

Bipolar Offset Current Output (+2mA) 

BPO 

P6 

DAC Current Output (0 to -4mA) 

■out 

P7 

Analog Common Connection 

ACOM 

P8 

No Connection 

NC 

P9 

Feedback Resistor Connection (1 .5kQ) 

RFi 

P10 

Feedback Resistor Connection (1 .5kQ) 

rf 2 

P11 

— 5V Digital Supply Voltage 

-V„ 

P12 

Digital Common Connection 

DCOM 

P13 

+5V Digital Voltage Supply 

+V D 

P14 

No Connection 

NC 

P15 

No Connection 

NC 

P16 

No Connection 

NC 

P17 

No Connection 

NC 

P18 

DAC Data Clock Input 

CLK 

P19 

No Connection 

NC 

P20 

DAC Data Latch Enable 

LE 

P21 

DAC Data Input 

DATA 

P22 

No Connection 

NC 

P23 

Optional Upper DAC Bit-2 Adjust (-4.29V)* 

UB2 Adj 

P24 

Optional Lower DAC Bit-2 Adjust (-4.29V)* 

LB2 Adj 

P25 

Bit Adjust Reference Voltage Tap (-3.52V)* 

V 

* POT 

P26 

No Connection 

NC 

P27 

No Connection 

NC 

P28 

-5V Analog Supply Voltage 

-V A 

‘Nominal voltages at these nodes assuming ±V A ; ±V D 

= ±5V. 


+V A , +V D to ACOM/DCOM OV to +8V 

-V A , -V D to ACOM/DCOM OV to -8V 

-V A , -V D to +V A , +V D OV to +16V 

ACOM to DCOM ±0.5V 

Digital Inputs (pins 18, 20, 21) to DCOM -IV to +V D 

Power Dissipation 500mW 

Lead Temperature, (soldering, 10s) +300°C 

Max Junction Temperature 165°C 

Thermal Resistance, 0 JA 70°C/W 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM63P 

28-Pin Plastic DIP 

215 

PCM63P, J 

28-Pin Plastic DIP 

215 

PCM63P, K 

28-Pin Plastic DIP 

215 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

MAX THD + N, 
AT OdB 

PCM63P 

28-Pin Plastic DIP 

0°C to +70°C 

-88dB 

PCM63P, J 

28-Pin Plastic DIP 

0°C to +70°C 

-92dB 

PCM63P, K 

28-Pin Plastic DIP 

0°C to +70° C 

-96dB 
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TYPICAL PERFORMANCE CURVES 


All specifications at 25°C and ±V A and ±V D = ±5.0V, unless otherwise noted. 



20 100 Ik 10k 

Output Frequency (Hz) 


16-BIT LEVEL LINEARITY 



-120 -110 -100 -90 -80 -70 -60 

Output Signal Level (dB) 



8.83ms/div 




3 

I 

o 


-IIOdB SIGNAL 


(10Hz to 20kHz Bandwidth) 

10W 

ZOQjjS 

1 : 

■ : "i 

| 



0 400 800 1200 1600 2000 


Time (ps) 


Time (ps) 
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THEORY OF OPERATION 

DUAL-DAC COUNEAR ARCHITECTURE 

Digital audio systems have traditionally used laser-trimmed, 
current- source DACs in order to achieve sufficient accuracy. 
However even the best of these suffer from potential low- 
level nonlinearity due to errors at the major carry bipolar 
zero transition. More recently, DACs employing a different 
architecture which utilizes noise shaping techniques and 
very high oversampling frequencies, have been introduced 
(“Bitstream”, “MASH”, or 1-bit DACs). These DACs over- 
come the low level linearity problem, but only at the expense 
of signal-to-noise performance, and often to the detriment of 
channel separation and intermodulation distortion if the 
succeeding circuitry is not carefully designed. 

The PCM63 is a new solution to the problem. It combines all 
the advantages of a conventional DAC (excellent full scale 
performance, high signal-to-noise ratio and ease of use) with 
superior low-level performance. Two DACs are combined 
in a complementary arrangement to produce an extremely 
linear output. The two DACs share a common reference and 
a common R-2R ladder to ensure perfect tracking under all 
conditions. By interleaving the individual bits of each DAC 
and employing precise laser trimming of resistors, the highly 
accurate match required between DACs is achieved. 

This new, complementary linear or dual-DAC CoHnear 
approach, which steps away from zero with small steps in 
both directions, avoids any glitching or “large” linearity 
errors and provides an absolute current output. The low level 
performance of the PCM63P is such that real 20-bit resolu- 
tion can be realized, especially around the critical bipolar 
zero point. 

Table I shows the conversion made by the internal logic of 
the PCM63P from binary two’s complement (BTC). Also, 
the resulting internal codes to the upper and lower DACs 
(see front page block diagram) are listed. Notice that only 
the LSB portions of either internal DAC are changing 
around bipolar zero. This accounts for the superlative per- 
formance of the PCM63P in this area of operation. 


DISCUSSION OF 
SPECIFICATIONS 

DYNAMIC SPECIFICATIONS 
Total Harmonic Distortion + Noise 

The key specification for the PCM63P is total harmonic 
distortion plus noise (THD + N). Digital data words are read 
into the PCM63P at eight times the standard compact disk 
audio sampling frequency of 44.1kHz (352.8kHz) so that a 
sine wave output of 991 Hz is realized. For production 
testing, the output of the DAC goes to an I to V converter, 
then to a programmable gain amplifier to provide gain at 
lower signal output test levels, and then through a 40kHz 
low pass filter before being fed into an analog type distortion 
analyzer. Figure 1 shows a block diagram of the production 
THD + N test setup. 

For the audio bandwidth, THD + N of the PCM63P is 
essentially flat for all frequencies. The typical performance 
curve, “THD + N vs Frequency”, shows four different out- 
put signal levels: OdB, -20dB, -4-OdB, and -60dB. The test 
signals are derived from a special compact test disk (the 
CBS CD-I). It is interesting to note that the -20dB signal 
falls only about lOdB below the full scale signal instead of 
the expected 20dB. This is primarily due to the superior low- 
level signal performance of the dual-DAC Colinear archi- 
tecture of the PCM63P. 

In terms of signal measurement, THD + N is the ratio of 
Distortion RMS + Noise RMS / Signal RMS expressed in dB. For the 
PCM63P, THD + N is 100% tested at all three specified 
output levels using the test setup shown in Figure 1. It is 
significant to note that this test setup does not include any 
output deglitching circuitry. All specifications are achieved 
without the use of external deglitchers. 

Dynamic Range 

Dynamic range in audio converters is specified as the measure 
of THD + N at an effective output signal level of -60dB 
referred to OdB. Resolution is commonly used as a theoretical 
measure of dynamic range, but it does not take into account 
the effects of distortion and noise at low signal levels. The 


ANALOG OUTPUT 

INPUT CODE 

(20-bit Binary Two’s Complement) 

LOWER DAC CODE 
(19-bit Straight Binary) 

UPPER DAC CODE 
(19-bit Straight Binary) 

+Full Scale 

011. ..Ill 

111 

..111 + 1LSB* 

111...111 

+Full Scale - 1 LSB 

011...110 

111 

..111 + 1LSB* 

111... 110 

Bipolar Zero + 2LSB 

000...010 

111 

..111 + 1LSB* 

000...010 

Bipolar Zero + 1 LSB 

000...001 

111 

..111 + 1LSB* 

000...001 

Bipolar Zero 

000... 000 

111 

..111 + 1LSB* 

000...000 

Bipolar Zero - 1 LSB 

111. ..Ill 


111...111 

000.. .000 

Bipolar Zero - 2LSB 

111 ...110 


111...110 

000...000 

-Full Scale + 1LSB 

100.. .001 


000...001 

000.. .000 

-Full Scale 

100...000 


000... 000 

000.. .000 

*The extra weight of 1LSB is added at this point to make the transfer function symmetrical around bipolar zero. 


TABLE I. Binary Two’s Complement to Colinear Conversion Chart. 
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FIGURE 1 . Production THD + N Test Setup. 


Colinear architecture of the PCM63P, with its ideal 
performance around bipolar zero, provides a more usable 
dynamic range, even using the strict audio definition, than 
any previously available D/A converter. 

Level Linearity 

Deviation from ideal versus actual signal level is sometimes 
called “level linearity” in digital audio converter testing. See 
the “-90dB Signal Spectrum” plot in the Typical Perfor- 
mance Curves section for the power spectrum of a PCM63P 
at a -90dB output level. (The “-90dB Signal” plot shows the 
actual -90dB output of the DAC). The deviation from ideal 
for PCM63P at this signal level is typically less than ±0.3dB. 
For the “-llOdB Signal” plot in the Typical Performance 
Curves section, true 20-bit digital code is used to generate a 
-llOdB output signal. This type of performance is possible 
only with the low-noise, near-theoretical performance around 
bipolar zero of the PCM63P’s Colinear DAC circuitry. 

A commonly tested digital audio parameter is the amount of 
deviation from ideal of a 1kHz signal when its amplitude is 
decreased from -60dB to -120dB. A digitally dithered input 
signal is applied to reach effective output levels of -120dB 
using only the available 16-bit code from a special compact 
disk test input. See the “16-Bit Level Linearity” plot in the 
Typical Performance Curves section for the results of a 
PCM63P tested using this 16-bit dithered fade-to-noise 
signal. Note the very small deviation from ideal as the signal 
goes from -60dB to -lOOdB. 

DC SPECIFICATIONS 
Idle Channel SNR 

Another appropriate specification for a digital audio con- 
verter is idle channel signal-to-noise ratio (idle channel 
SNR). This is the ratio of the noise on the DAC output at 
bipolar zero in relation to the full scale range of the DAC. To 


make this measurement, the digital input is continuously fed 
the code for bipolar zero while the output of the DAC is 
band-limited from 20Hz to 20kHz and an A-weighted filter 
is applied. The idle channel SNR for the PCM63P is typi- 
cally greater than 120dB, making it ideal for low-noise 
applications. 


Monotonicity 

Because of the unique dual-DAC Colinear architecture of 
the PCM63P, increasing values of digital input will always 
result in increasing values of DAC output as the signal 
moves away from bipolar zero in one-LSB steps (in either 
direction). The “16-Bit Monotonicity” plot in the Typical 
Performance Curves section was generated using 16-bitH 
digital code from a test compact disk. The test starts with 10l 
periods of bipolar zero. Next are 10 periods of alternating 
ILSBs above and below zero, and then 10 periods of 
alternating 2LSBs above and below zero, and so on until 
lOLSBs above and below zero are reached. The signal 
pattern then begins again at bipolar zero. 


With PCM63P, the low-noise steps are clearly defined and 
increase in near-perfect proportion. This performance is 
achieved without any external adjustments. By contrast, 
sigma-delta (“Bitstream”, “MASH”, or 1-bit DAC) architec- 
tures are too noisy to even see the first 3 or 4 bits change (at 
16 bits), other than by a change in the noise level. 


Absolute Linearity 

Even though absolute integral and differential linearity specs 
are not given for the PCM63P, the extremely low THD + N 
performance is typically indicative of 16-bit to 17-bit inte- 
gral linearity in the DAC, depending on the grade specified. 
The relationship between THD + N and linearity, however, 
is not such that an absolute linearity specification for every 
individual output code can be guaranteed. 


tmm i 
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Offset, Gain, And Temperature Drift 

Although the PCM63P is primarily meant for use in dy- 
namic applications, specifications are also given for more 
traditional DC parameters such as gain error, bipolar zero 
offset error, and temperature gain and offset drift. 

DIGITAL INPUT 
Timing Considerations 

The PCM63P accepts TTL compatible logic input levels. 
Noise immunity is enhanced by the use of differential 
current mode logic input architectures on all input signal 
lines. The data format of the PCM63P is binary two’s 
complement (BTC) with the most significant bit (MSB) 
being first in the serial input bit stream. Table II describes 
the exact relationship of input data to voltage output coding. 
Any number of bits can precede the 20 bits to be loaded, 
since only the last 20 will be transferred to the parallel DAC 
register after LE (P20, Latch Enable) has gone low. 

All DAC serial input data (P21, DATA) bit transfers are 
triggered on positive clock (PI 8, CLK) edges. The serial-to- 
parallel data transfer to the DAC occurs on the falling edge 
of Latch Enable (P20, LE). The change in the output of the 
DAC coincides with the falling edge of Latch Enable (P20, 
LE). Refer to Figure 2 for graphical relationships of these 
signals. 

Maximum Clock Rate 

A typical clock rate of 16.9MHz for the PCM63P is derived 
by multiplying the standard audio sample rate of 44. 1kHz by 


sixteen times (16x oversampling) the standard audio word 
bit length of 24 bits (44.1kHz X 16 X 24 = 16.9MHz). Note 
that this clock rate accommodates a 24-bit word length, even 
though only 20 bits are actually being used. The maximum 
clock rate of 25MHz is guaranteed, but is not 100% final 
tested. The setup and hold timing relationships are shown in 
Figure 3. 

“Stopped Clock” Operation 

The PCM63P is normally operated with a continuous clock 
input signal. If the clock is to be stopped between input data 
words, the last 20 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
Latch Enable (LE, P20) goes low. Latch Enable must remain 
low until after the first clock cycle of the next data word to 
insure proper DAC operation. In any case, the setup and hold 
times for Data and LE must be observed as shown in Figure 
3. 



FIGURE 3. Setup and Hold Timing Diagram. 


DIGITAL INPUT 

ANALOG OUTPUT 

CURRENT OUTPUT 

VOLTAGE OUTPUT 
(With External Op Amp) 

1 ,048,576LSBs 

Full Scale Range 

4.00000000mA 

6.00000000V 

1LSB 

NA 

3.81469727nA 

5.72204590pV 


+Full Scale 

-1.99999619mA 

+2. 99999428V 


Bipolar Zero 

0.00000000mA 

0.00000000V 


Bipolar Zero - 1 LSB 

+0.00000381 mA 

-0.00000572V 


-Full Scale 

+2. 00000000mA 

-3.00000000V 


TABLE II. Digital Input/Output Relationships. 


PI 8 (Clock) 


P21 (Data) 


IDdMD 

MSB 


xxTmnjmrL 


(12X13X14X15X16X17X18X19^20^1 
LSB 


P20 (Latch Enable) 


Li 


7“L 


P6(I 0 ut) 



X 


NOTES: (1 ) If clock is stopped between input of 20-bit data words, Latch Enable (LE) must remain low until after the first clock cycle of the next 20-bit data 
word stream. (2) Data format is binary two’s complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch Enable 
(LE) must remain low at least one clock cycle after going negative. (4) Latch Enable (LE) must be high for at least one clock cycle before going negative. 
(5) l 0UT changes on negative going edge of Latch Enable (LE). 


FIGURE 2. Timing Diagram. 
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INSTALLATION 

POWER SUPPLIES 

Refer to Figure 4 for proper connection of the PCM63P in 
the voltage-out mode using the internal feedback resistor. 
The feedback resistor connections (P9 and P10) should be 
left open if not used. The PCM63P only requires a ±5V 
supply. Both positive supplies should be tied together at a 
single point. Similarly, both negative supplies should be 
connected together. No real advantage is gained by using 
separate analog and digital supplies. It is more important that 
both these supplies be as “clean” as possible to reduce 
coupling of supply noise to the output. Power supply decou- 
pling capacitors should be used at each supply pin to 
maximize power supply rejection, as shown in Figure 4, 
regardless of how good the supplies are. Both commons 
should be connected to an analog ground plane as close to 
the PCM63P as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 4, various size decoupling capacitors 
can be used, with no special tolerances being required. The 
size of the offset decoupling capacitor is not critical either, 
with larger values (up to lOOpF) giving slightly better SNR 
readings. All capacitors should be as close to the appropriate 
pins of the PCM63P as possible to reduce noise pickup from 
surrounding circuitry. 

MSB ADJUSTMENT CIRCUITRY 

Near optimum performance can be maintained at all signal 
levels without using the optional MSB adjust circuitry of the 
PCM63P shown in Figure 5. Adjustability is provided for 
those cases where slightly better full-scale THD + N is 


desired. Use of the MSB adjustments will only affect larger 
dynamic signals (between OdB and -6dB). This improve- 
ment comes from bettering the gain match between the 
upper and lower DACs at these signal levels. The change is 
realized by small adjustments in the bit-2 weights of each 
DAC. Great care should be taken, however, as improper 
adjustment will easily result in degraded performance. 

In theory, the adjustments would seem very simple to 
perform, but in practice they are actually quite complex. The 
first step in the theoretical procedure would involve making 
each bit-2 weight ideal in relation to its code minus one 
value (adjusting each potentiometer for zero differential 
nonlinearity error at the bit-2 major carries). This would be 
the starting point of each lOOkQ potentiometer for the next 
adjustment. Then, each potentiometer would be adjusted 
equally, in opposite directions, to achieve the lowest full- 
scale THD + N possible (reversing the direction of rotation 




FIGURE 4. Connection Diagram. 
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for both if no immediate improvement were noted). This 
procedure would require the generation of the digital bit-2 
major carry code to the input of the PCM63P and a DVM or 
oscilloscope capable of reading the output voltage for a one 
LSB step (5.72|iV) in addition to a distortion analyzer. 

A more practical approach would be to forego the minor 
correction for the bit-2 major carry adjustment and only 
adjust for upper and lower DAC gain matching. The prob- 
lem is that just by connecting the MSB circuitry to the 
PCM63P, the odds are that the upper and lower bit-2 weights 
would be greatly changed from their unadjusted states and 
thereby adversely affect the desired gain adjustment. Just 
centering the lOOkQ potentiometers would not necessarily 
provide the correct starting point. To guarantee that each 
lOOkfJ potentiometer would be set to the correct starting or 
null point (no current into or out of the MSB adjust pins), the 
voltage drop across each corresponding 330k£l resistor would 
have to measure OV. A voltage drop of ±1.25mV across 
either 330kQ resistor would correspond to a ±1LSB change 
in the null point from its unadjusted state (1LSB in current 
or 3.81nA x 330k£2 = 1.26mV). Once these starting points 
for each potentiometer had been set, each potentiometer 
would then be adjusted equally, in opposite directions, to 
achieve the lowest full-scale THD + N possible. If no imme- 
diate improvement were noted, the direction of rotation for 
both potentiometers would be reversed. One direction of 
potentiometer counter-rotations would only make the gain 
mismatch and resulting THD + N worse, while the opposite 
would gradually improve and then worsen the THD + N 
after passing through a no mismatch point. The determina- 


tion of the correct starting direction would be arbitrary. This 
procedure still requires a good DVM in addition to a distor- 
tion analyzer. 

Each user will have to determine if a small improvement in 
full-scale THD + N for their application is worth the ex- 
pense of performing a proper MSB adjustment. 

APPLICATIONS 

The most common application for the PCM63P is in high- 
performance and professional digital audio playback, such 
as in CD and DAT players. The circuit in Figure 6 shows the 
PCM63P in a typical combination with a digital interface 
format receiver chip (Yamaha YM3623), an 8x interpolating 
digital filter (Burr-Brown DF1700P), and two third-order 
low-pass anti-imaging filters (implemented using Burr-Brown 
OPA2604APs). 

Using an 8x digital filter increases the number of samples to 
the DAC by a factor of 8, thereby reducing the need for a 
higher order reconstruction or anti-imaging analog filter on 
the DAC output. An analog filter can now be constructed 
using a simple phase-linear GIC (generalized immittance 
converter) architecture. Excellent sonic performance is 
achieved using a digital filter in the design, while reducing 
overall circuit complexity at the same time. 

Because of its superior low-level performance, the PCM63P 
is also ideally suited for other high-performance applications 
such as direct digital synthesis (DDS). 
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16-Bit CMOS Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


• LOW COST 16-BIT 2-CHANNEL CMOS 
MONOLITHIC D/A CONVERTER 

• SINGLE SUPPLY +5V OPERATION 

• 50mW POWER DISSIPATION 

• GLITCH-FREE VOLTAGE OUTPUTS 

• LOW DISTORTION: -86dB max THD + N 

• COMPLETE WITH REFERENCE 

• SERIAL INPUT FORMAT 

• SINGLE OR DUAL DAC MODE 
OPERATION 

• PLASTIC 20-PIN SOIC PACKAGE 


DESCRIPTION 

The PCM66P is a low cost, dual output 16-bit CMOS 
digital-to-analog converter. The PCM66P features true 
glitch-free voltage outputs, internal reference and re- 
quires only a single +5V supply. Total power dissipa- 
tion is less than 50mW max. Low maximum Total 
Harmonic Distortion + Noise (-86dB max; PCM66P- 
J) is 100% tested. Either one or two channel output 
modes are fully user selectable. 

The PCM66P comes in a space-saving 20-pin plastic 
SOIC package. PCM66P accepts a serial data input 
format and is compatible with other Burr-Brown PCM 
products such as the industry standard PCM56P. 


LRCLK O— 
WDCLK O — 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at 25°C, and +V CC = +5V unless otherwise noted. 




PCM66P AND PCM66P, J 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 

Bits 

DYNAMIC RANGE 



96 


dB 

DIGITAL INPUT 


TT 

. Compatible CMO 

S 


Logic Family 






Logic Level: V IH 

l IH = +40pA max 

+2.4 


+5.25 

V 

v 1L 

l )L = -40 jjA max 

0 


0.8 

V 

Data Format 



Serial BTC (1) 



Input Clock Frequency 


8.5 



MHz 

DYNAMIC CHARACTERISTICS 






TOTAL HARMONIC DISTORTION + N< 2 > 






PCM60P/66P: f = 991 Hz (0dB)< 3 > 

f s = 1 76.4kHz (4) 


-88 

-82 

dB 

f = 991Hz (-20dB) 

f s = 176.4kHz 


-68 


dB 

f = 991Hz (-60dB) 

f s = 176.4kHz 


-28 


dB 

PCM60P-J/66P-J: f = 991 Hz (OdB) 

f s = 176.4kHz 


-92 

-86 

dB 

f = 991Hz (-20dB) 

f s = 176.4kHz 


-68 


dB 

f = 991Hz (-60db) 

f s = 176.4kHz 


-28 


dB 

CHANNEL SEPARATION 


+80 

+85 


dB 

TRANSFER CHARACTERISTICS 






ACCURACY 






Gain Error 

V out = 2.6 


+2 

±10 

% 

Gain Mismatch 

Channel to Channel 


±1 


% 

Bipolar Zero Error (5) 



±30 


mV 

Gain Drift 

0°C to 70°C 


100 


ppm/°C 

Warm-up Time 


1 



minute 

IDLE CHANNEL SNR< 6 > 

20-20kHz with A-weighted filter 


±90 


dB 

ANALOG OUTPUT 






Output Range 



2.6 


Vp-p 

Output Impedance 



2 


a 

Short Circuit Duration 

To Be Determined 




Settling Time 

Suffieicnt to Meet 176.4kHz THD + N Specs 



Glitch Energy 

Meets All THD + N Specs Without External Output Deglitching j 


POWER SUPPLY REQUIREMENTS 






+V CC Supply Voltage 


+4.75 

+5 

+5.25 

V 

Supply Current 



+9.5 


mA 

Power Dissipation 

V CC = +5V 



50 

mW 

TEMPERATURE RANGE 






Specification 


0 


+70 

°C 

Operating 


-30 


+70 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1) Binary Two’s Complement coding. (2) Ratio of (Distortion RMS + Noise RMS ) / Signal RMS . (3) D/A converter output frequency/signal level (on both left and 
right channels). (4) D/A converter sample frequency (4 x 44. 1 kHz; 4 times oversampling per channel). (5) Offset error at bipolar zero. (6) Ratio of output at BPZ (Bipolar 
Zero) to the full scale range using 20kHz low pass filter in addition to an A-weighted filter. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject 
to change without notice. No patent right or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize 
or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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PCM66P PIN ASSIGNMENTS 


PIN 

DESCRIPTION 

MNEMONIC 

1 

Left/Right Clock 

LRCLK 

2 

Word Clock 

WDCLK 

3 

Clock Input 

CLK 

4 

Data Input 

DATA 

5 

No Connection 

NC 

6 

Digital Common 


7 

Analog Common 

Aom 

8 

Left Channel V 0UT 

L CH Out 

9 

Output Common 

V C OM 

10 

Right Channel V 0UT 

R CH Out 

11 

Analog Supply 

+v cc 

12 

Analog Supply 

+V CC 

13 

Reference Decouple 

Gref 

14 

Reference Sense 

V REF SENSE 

15 

Reference Output 

v REF 

16 

Analog Supply 

+V CC 

17 

Analog Supply 

+v cc 

18 

Digital Supply 

+V CC 

19 

Single DAC Mode 

SDM SEL 

20 

Left/Right DAC Select 

LRDAC 


PACKAGE INFORMATION™ 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM66P 

20-Pin SOIC 

248 

PCM66P, J 

20-Pin SOIC 

248 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ORDERING INFORMATION 

P CM 6 6 E -X 

Basic Model Number ' j 

P: Plastic 

Performance Grade Code 1 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage +10V 

Input Voltage Range -3V to +5.25V 

Power Dissipation 50mW 

Operating Temperature -30°C to +70°C 

Storage Temperature -60°C to +100°C 

Lead Temperature (soldering, 10s) +300°C 


THEORY OF OPERATION 

The PCM66P is a dual output, 16-bit CMOS digital-to-analog 
audio converter. The PCM66P, complete with internal refer- 
ence, has two glitch-free voltage outputs and requires only a 
single +5V power supply. Output modes using either one or two 
channels per DAC are user selectable. The PCM66P accepts a 
serial data input format that is compatible with other Burr- 
Brown PCM products such as the industry standard PCM56P. 

ONE DAC TWO-CHANNEL OPERATION 

Normally, the PCM66P is operated with a continuous clock 
input in a two-channel output mode. This mode is selected when 
SDM SEL is held low (single DAC mode select). Refer to the 
truth table shown by Table I for exact control logic relation- 


ships. Data for left and right channel output is loaded 
alternately into the PCM66P while the control logic 
switches the left and right output amplifiers between the 
appropriate integrate and hold modes. Data word latch- 
ing is controlled by WDCLK (word clock) and channel 
selection is made by LRCLK (left/right clock). Figure 1 
shows the timing for the single DAC two-channel mode 
of operation. The block diagram in Figure 2 shows how 
a single DAC output provides switched output to both 
integrate and hold amplifiers. Output between left and 
right channels in this mode is not in phase. See Figure 3 
for proper connection of the PCM66P in the two-channel 
DAC mode. 


PIN FUNCTIONS 

SERIAL 

DATA WORD 

INPUT 

LEFT 

CHANNEL 

OUTPUT 

RIGHT 

CHANNEL 

OUTPUT 

SDM SEL 

LRDAC 

LRCLCK 

WDCLK 

0 

X 

0 

0 

Right 

Hold 


0 

X 

0 

1 

Right 

Integrate 


0 

X 

1 

0 

Left 

Hold 

m ■ 

0 

X 

1 

1 

Left 

Hold 

m 

1 

0 

0 

0 

Inhibited 

YgOM 

Hold 

1 

0 

0 

1 

Inhibited 

^COM 

Hold 

1 

0 

1 

0 

Left 

^COM 

Integrate 

1 

0 

1 

1 

Left 

^COM 

Integrate 

1 

1 

0 

0 

Right 

^COM 

Hold 

1 

1 

0 

1 

Right 

^COM 

Hold 

1 

1 

1 

0 

Inhibited 

v C0M 

Integrate 

1 

1 

1 

1 

Inhibited 

v 

"com 

Integrate 


NOTE: Positive edge of CLK (P3) latches LRCLK (PI), WDCLK (P2), and DATA (P4). 


TABLE I. PCM66P Logic Truth Table. 
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TWO CHANNEL PER DAC OUTPUT MODE 


P3 (CLK) 

~LTU1 

P2 (WDCLK) 

1 

PI (LRCLK) 

1 

P4 (DATA) 

TD(D 

P10 (LCH OUT) 

Hold 

P10 (LCH V OUT ) 


PI 2 (RCH OUT) 

1 

PI 2 (RCH V 0UT ) 



Jifinnnruwu^ ^Rjumjwui 





NOTES: Single DAC Mode Select = 0; L/R DAC Select = X; WDCLK = 50% duty cycle; Serial Data is read in MSB first with BTC coding (MSB 
= Bit 1). 


P3 (CLK) 
Both DACs 


P2 (WDCLK) 
Both DACs 


inn 

i 


SINGLE CHANNEL PER DAC OUTPUT MODE 

jmuumummn Jirmniuiooii 

j i I L 


PI (LRCLK) 
Both DACs 


1 


Load Right DAC Data 


Load Left DAC Data 


L 


P4 (DATA) 
Both DACs 


P12 (RCH OUT) 
Right DAC 

P12 (RCH V 0 ut) 
Right DAC 


HXD dXZ 

~| Hold 


2 (RCH OUT) _ | 

I pft DAP. I— 


PI 2 (RCH Vqut) 
Left DAC 




Integrate 


L 


Integrate 


1 


NOTES: Single DAC Mode Select = 1 ; UR DAC Select = 0 (Left DAC) or 1 (Right DAC). 


FIGURE 1. PCM66P Timing Diagram. 


immi 
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LCH 
Voi IT 


FIGURE 2. PCM66P Block Diagram. 



FIGURE 3. PCM66P Connection Diagram. 


TWO DAC TWO-CHANNEL OPERATION 

In phase, two-channel output can be obtained by using two 
PCM66Ps and choosing the single DAC mode (setting SDM 
SEL high). With the use of a high or low input level on 
LRDAC (P left/right DAC select), each DAC can have its 
right channel output dedicated to either left or right data 


input with no additional input signals being required to latch 
the appropriate data from an alternating L/R data word input 
stream. In the single DAC mode, the PCM66P’s left channel 
output is disabled and held at +V COM . In this mode both 
DACs share common inputs for DATA, CLK, WDCLK, and 
LRCLK. Otherwise circuit connection is the same as the 
two-channel DAC mode, with the exception of LRDAC 
whose level selects whether the single DAC will output 
dedicated left or right channel data. 

INTEGRATE AND HOLD OUTPUT AMPLIFIERS 

The PCM66P incorporates integrate and hold amplifiers on 
each output channel. This allows a single, very fast DAC to 
feed both amplifiers and reduce circuit complexity. It also 
serves to block the output glitch from the DAC to the 
individual channel outputs and effectively makes the PCM66P 
outputs “glitch-free.” The PCM66P is a single +5V supply 
device with a voltage output swing of 2.8Vp-p. The outputs 
swing asymmetrically around V COM (+V CC - 2.33V). See 
Table II for exact input/output relationships. Since true 
CMOS amplifiers are used on the PCM66P, the load resis- 
tance on the outputs should not be less than lOOkO and the 
capacitive loads should not exceed lOOpF. For maximum 
low-distortion performance, output buffer amplifiers should 
be considered. 
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DIGITAL INPUT 

ANALOG OUTPUT [ 

Binary Two’s 
Complement (Hex) 

DAC Output (V) 

Voltage (V) 
v out Mode 

7FFF 

+FS 

+3.5629443 

0000 

BPZ 

+2.1629871 

8000 

-FS 

+0.7630299 

2E5B 

^COM 

+2.6700000 


TABLE II. PCM66P Input/Output Relationships. 


DISCUSSION OF 
SPECIFICATIONS 

TOTAL HARMONIC DISTORTION + NOISE 

The key specification for the PCM66P is total harmonic 
distortion plus noise. Digital data words are read into the 
PCM66P at four times the standard audio sampling fre- 
quency of 44.1kHz or 176.4kHz for each channel, such that 
a sine wave output of 991 Hz is realized. For production 
testing, the output of the DAC goes to a programmable gain 
amplifier to provide gain at lower signal output test levels 
and then through a 20kHz low pass filter before being fed 
into an analog type distortion analyzer. Figure 4 shows a 
block diagram of the production THD + N test setup. 

In terms of signal measurement, THD + N is the ratio of 
Distortion RMS + Noise^/Signal^ expressed in dB. For the 
PCM66P, THD + N is 100% tested at three different output 
levels using the test setup shown in Figure 4. It is significant 
to note that this circuit does not include any output deglitching 
circuitry. This means the PCM66P meets even its -60dB 
THD + N specification without use of external deglitchers. 

ABSOLUTE LINEARITY 

Even though absolute integral and differential linearity specs 
are not given for the PCM66P, the extremely low THD + N 


performance is typically indicative of 14-bit to 15-bit inte- 
gral linearity in the DAC depending on the grade specified. 
The relationship between THD + N and linearity, however, 
is not such that an absolute linearity specification for every 
individual output code can be guaranteed. 

IDLE CHANNEL SNR 

Another appropriate spec for a digital audio converter is idle 
channel signal-to-noise ratio (idle channel SNR). This is the 
ratio of the noise on either DAC output at bipolar zero in 
relation to the full scale range of the DAC. The output of the 
DAC is band limited from 20Hz to 20kHz and an A- 
weighted filter is applied to make this measurement. 

OFFSET, GAIN, AND TEMPERATURE DRIFT 

The PCM66P is specified for other important parameters 
such as channel separation and gain mismatch between 
output channels. And although the PCM66P is primarily 
meant for use in dynamic applications, typical specs are also 
given for more traditional DC parameters such as gain error, 
bipolar zero offset error, and temperature gain drift. 

TIMING CONSIDERATIONS 

The data format of the PCM66P is binary two’s complement 
(BTC) with the most significant bit (MSB) being first in the 
serial input bit stream. Table II describes the exact input data 
to voltage output coding relationship. Any number of bits 
can precede the 16 bits to be loaded, as only the last 16 will 
be transferred to the parallel DAC register on the first 
positive edge of CLK (clock input) after WDCLK (word 
clock) has gone low. All inputs to the PCM66P are TTL 
level compatible. . 



LOW-PASS FILTER 
CHARACTERISTIC 


0 

_ -20 
co 

2- -40 
-60 
-80 
-100 
-120 


< D 


1 10 1 10 2 10 3 10 4 10 5 
Frequency (Hz) 


FIGURE 4. THD + N Test Setup Diagram. 
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WDCLK is the input signal that controls when data is loaded 
and how long each output is in the integrate mode. It is 
therefore recommended that a 50% (high) duty cycle be 
maintained on WDCLK. This will ensure that each output 
will have enough time to reach its final output value, and that 
the output level of each channel will be within the gain 
mismatch specification. Refer to Figure 1 for exact timing 
relationships of WDCLK to CLK and LRCLK and the 
outputs of the PCM66P. The WDCLK can be high longer 
than 50%, as long as setup and hold times shown in Figure 
5 are observed and the time high is roughly equivalent for 
both left and right channels. 

SETUP AND HOLD TIME 

The individual serial data bit shifts, the serial to parallel data 
transfer, and left/right control are triggered on positive CLK 
edges. The setup time required for DATA, WDCLK, and 
LRCLK to be latched by the next positive going CLK is 
15ns minimum. A minimum hold time of 15ns is also 
required after the positive going CLK edge for each data bit 
to be shifted into the serial input register. Refer to Figure 5 
for the timing relationship of these signals. 

MAXIMUM CLOCK RATE 

The 100% tested maximum clock rate of 8.47MHz for the 
PCM66P is derived by multiplying the standard audio sample 
rate of 44.1kHz times eight (4X oversampling times two 
channels) times the standard audio word bit length of 24 
(44.1kHz x 4 x 2 x 24 = 8.47MHz). Note that this clock rate 
accommodates a 24-bit word length, even though only 16 
bits are actually being used. 

“STOPPED-CLOCK” OPERATION 

The PCM66P is normally operated with a continuous clock 
input signal. If the clock is to be stopped between input data 
words, the last 16 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
the first clock after the one used to input bit 16 (LSB). This 
means the data is not shifted into the DHC latch until the 
start of the next 16-bit data word input, unless at least one 
additional clock accompanies the 16 used to serially shift in 
data in the first place. In either case, the setup and hold times 
for DATA, WDCLK, and LRCLK must still be observed. 

INSTALLATION 

The PCM66P only requires a single +5V supply. The +5V 
supply, however, is used in deriving the internal reference. 
It is therefore very important that this supply be as “clean” 
as possible to reduce coupling of supply noise to the outputs. 
If a good analog supply is available at greater than +5V, a 
zener diode can be used to obtain a stable +5V supply. A 




-60ns r 

nin — 

-1 

\ 

P3 (CLK) 






P4 (DATA) X 



X 

P2 (WDCLK) 


15ns r 

nin 



PI (LRCLK) X 

1 






15ns min 


FIGURE 5. PCM66P Setup and Hold Timing Diagram. 

lOOjiF decoupling capacitor as shown in Figure 3 should be 
used regardless of how good the +5 V supply is to maximize 
power supply rejection. All grounds should be connected to 
the analog ground plane as close to the PCM66P as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 3, C REF and V REF SENSE should have 
decoupling capacitors of 0.1 pF (C 4 ) and 10pF (C 5 ) to +V CC 
respectively with no special tolerance being required. To 
maximize channel separation between left and right chan- 
nels, 5% 300pF capacitors (C 2 and C 3 ) between V C0M and left 
and right channel outputs are required in addition to a 5% 
3|uF capacitor (Cj) between V C0M and +5V. The ratio of 10k 
to 1 is the important factor here for proper circuit operation. 
Placement of all capacitors should be as close to the appro- 
priate pins of the PCM66P as possible to reduce noise 
pickup from surrounding circuitry. 

APPLICATIONS 

Probably the most popular use of the PCM66P is in applica- 
tions requiring single power supply operation. For example, 
the PCM66P is ideal for automotive compact disk (CD) and 
digital audio tape (DAT) playback units. To use a more 
complex bipolar DAC requiring ±5V supplies in the +12V 
application, for example, would require driving a stable 
“floating” ground and regulating the +12V to +10V. The 
single supply CMOS PCM66P would only require a +5V 
zener diode to regulate its 50mW max supply. The outputs 
could be AC coupled to the rest of the circuit for perfectly 
acceptable high dynamic performance. The PCM66P is ideal 
in any application requiring a minimum of additional cir- 
cuitry as well as ultra-low-power CMOS performance. 

Of course, the PCM66P is the D/A converter of choice in 
any application requiring very low power dissipation. Por- 
table battery powered test and measurement equipment re- 
quiring very low distortion digital to analog converters 
would be an ideal application for the CMOS PCM66P with 
its 50mW max power dissipation. 
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PCM67P/U 

PCM69AP/AU 

DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


Advanced 1 Bit BiCMOS Dual 18-Bit 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 18-BIT RESOLUTION DUAL AUDIO DAC 

• EXCELLENT THD PERFORMANCE: 
0.0025% (-92dB) at F/S, K Grade 
1.0% (-40dB) at -60dB, K Grade 

• HIGH S/N RATIO: IIOdB typ (IHF-A) 

• DUAL, CO-PHASE 

• SINGLE SUPPLY +5V OPERATION 

• LOW POWER: 75mW typical 

• CAPABLE OF 16X OVERSAMPLING 

• AVAILABLE IN SPACE SAVING 
16-PIN DIP OR 20-PIN SOIC 

• OPERATING TEMP RANGE: 

-25°C to +85°C 

• EXTREMELY LOW GLITCH ENERGY 


DESCRIPTION 

The PCM67 and PCM69A dual 18-bit DAC are low 
cost, dual output 18-bit BiCMOS digital-to-analog con- 
verters utilizing a novel architecture to achieve excel- 
lent low level performance. 

By combining a conventional thin-film R-2R ladder 
DAC, a digital offset technique with analog correction 
and an advanced one-bit DAC using first order noise 
shaping technique, the PCM67 and PCM69A achieve 
high resolution, minimal glitch, and low zero-crossing 
distortion. 

PCM67 digital offset occurs at bit 9, making it ideal for 
high-performance CD players. PCM69A digital offset 
occurs at bit 4, making it an excellent choice for digital 
musical instruments and audio DSP. 

Both PCM67 and PCM69A operate from a single +5V 
supply . The low power consumption and small size ( 1 6- 
pin PDIP or 20-pin SOIC) make these converters ideal 
for a variety of digital audio applications. 


£ 


Reference 

Servo 


10-Bit DAC plus 
Analog Correction 


Advanced 1-Bit 
DAC 


) Analog Output Lch 


LD_igitalSigna_Mn) |n J"^e 


1 0-Bit DAC plus 
Analog Correction 


Advanced 1-Bit 
DAC 


) Analog Output Rch 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at +25°C and +V A , +V D = +5V unless otherwise noted 




PCM67/69A 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



18 


Bits 

DYNAMIC RANGE, THD + N at -60dB Referred to Full Scale j 


106 


dB 

DIGITAL INPUT 






Logic Family 


TTL/CMOS Compatible 


Logic Level: V IH 

l IH = ±5pA 

+2 


+v D 

V 

v. 

I il =±5mA 

0 


0.8 

V 

Data Format 


Serial, MSB First, BTC (1) 


Input System Clock Frequency 



16.9344 


MHz 

TOTAL HARMONIC DISTORTION + N< 234 > 






PCM67P/69AP, PCM67U/69AU 






f = 991 Hz (OdB) 

f s = 352.8kHz 


-86 

-82 

dB 

f = 991Hz (-20dB) 

f s = 352.8kHz 


-68 


dB 

f = 991Hz (-60dB) 

f s = 352.8kHz 


-40 

-34 

dB 

PCM67P-J/69AP-J, PCM67U-J/69AU-J 






f = 991 Hz (OdB) 

f s = 352.8kHz 


-91 

-88 

dB 

f = 991 Hz (-20dB) 

f s = 352.8kHz 


-72 


dB 

f = 991Hz (-60dB) 

f s = 352.8kHz 


-46 

-40 

dB 

PCM67 P-K/69AP-K, PCM67U-K/69AU-K 






f = 991Hz (OdB) 

f s = 352.8kHz 


-95 

-92 

dB 

f = 991Hz (-20dB) 

f s = 352.8kHz 


-74 


dB 

f = 991 Hz (-60dB) 

f s = 352.8kHz 


-46 

-40 

dB 

CHANNEL SEPARATION 

(f = 1kHz) 


106 


dB 

ACCURACY 






Level Linearity 

at -90dB Signal Level 


±1 


dB 

Gain Error 



±3 

±10 

% 

Gain Mismatch, Channel-to-Channel 



±1 

±5 

% 

Gain Drift 

0°C to +70°C 


95 


ppm/°C 

Warm-up Time 



1 


Minute 

IDLE CHANNEL SNR< 5 > 

20Hz to 40kHz at BPZ< 6 > 


110 


dB 

ANALOG OUTPUT 






Output Range (±3%) 



1.2 


mA 

Output Impedance (±30%) 



1.8 


kQ 

V 

COM 


3.35 

3.50 

3.65 

V 

Glitch Energy 


No Glitch Around Zero 


POWER SUPPLY REQUIREMENTS, System Clock = 16.9344MHz 





+V A , +V D Supply Voltage Range 

+ 

< 

1! 

+ 

Q < 

+4.75 

+5.00 

+5.25 

V 

+I A , +I D Combined Supply Current 

+V A , +V D = +5V 


15 

20 

mA 

Power Dissipation 

+V A , +V D = +5V 


75 

105 

mW 

TEMPERATURE RANGE 






Operating 


-25 


+85 

°C 

Storage 


-55 


+100 

°C 


NOTES: (1) Binary Two’s Complement coding. (2) Ratio of (Distortion RMS + Noise RMS )/Signal RMS . (3) D/A converter output frequency/signal level (both left and right 
channels are “on”). (4) D/A converter sample frequency (8 x 44.1kHz; 8X oversampling per channel). (5) Ratio of Noise RMS /Signal RMS . Measured using a 40kHz 3rd 
order GIC (Generalized Immittance Converter) filter and an A-weighted filter. (6) Bipolar Zero. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PCM67P 

PCM69AP 

PCM67U 

PCM69AU 

DESCRIPTION 

MNEMONIC 

1 

1 

+5V Analog Supply Voltage 

+v A 

2 

2 

Left Voltage Common 

LVcom 


3 

No Connection 

NC 

3 

4 

Left Current Output (0 to 1 .2mA) 


4 

5 

Servo Decoupling Capacitor 

SRVCAP 

5 

6 

Reference Decoupling Capacitor 

REFCAP 

6 

7 

Right Current Output (0 to 1 .2mA) 

R *OUT 


8 

No Connection 

NC 

7 

9 

Right Voltage Common 

RV com 

8 

10 

Analog Common 

ACOM 

9 

11 

Digital Common 

DCOM 


12 

Mode Control 2 

MC2 

10 

13 

Right Data Input 

RDATA 

11 

14 

Bit Clock 

BTCK 

12 

15 

System Clock 

SYSCK 

13 

16 

Word Clock 

WDCK 

14 

17 

Left Data Input 

LDATA 


18 

Mode Control 3 

MC3 

15 

19 

Mode Control 1 

MCI 

16 

20 

+5V Digital Supply Voltage 

+v D 


ABSOLUTE MAXIMUM RATINGS 


+V A , +V D to ACOM, DCOM OV to +6.5V 

ACOM to DCOM ±0.5V 

Digital Inputs to DCOM -0.3V to +V D + 0.3V 

Power Dissipation 300mW (U Package), 500mW (P Package) 

Lead Temperature, (soldering, 10s) +260°C 

Max Junction Temperature +165°C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” 

may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

PCM67P/69AP 

16-Pin Plastic DIP 

180 

PCM67U/69AU 

20-Pin SOIC 

248 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


I MM 1 
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PIN CONFIGURATION — PCM67P/69AP (16-Pin DIP) 
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TYPICAL PERFORMANCE CURVES 

All specifications at +25°C and V cc = +5.0V unless otherwise noted. 


THD vs POWER SUPPLY VOLTAGE 



1 . 0 % 


0.5% 


0 . 2 % 


0 . 1 % 


Q 

x 


V cc (V) 



4.75 5.0 5.25 

V cc (V) 



1 . 0 % 


0.5% 


m 

■o 

o 


1 


0 . 2 % 


Q 

X 

I- 


0 . 1 % 


-25 0 25 50 85 100 

Temperature (°C) 



-25 0 25 50 75 85 100 

Temperature (%) 



1 . 0 % 


0.5% 


0.2% 


0 . 1 % 



o 

x 

h- 


384 192 96 48 


fs (Hz) 


CHANNEL SEPARATION vs SIGNAL FREQUENCY 



100 500 Ik 2k 4k 8k 16k ... 128k 

f (Hz) 


H HP l 
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DISCUSSION OF 
SPECIFICATIONS 

The PCM67 and PCM69A are specified to provide critical 
performance criteria for a variety of applications. The accu- 
racy of a D/A converter is described by the transfer function 
shown in Figure 1. 


Digital In 



FIGURE 1. Transfer Performance. 

DIGITAL INPUT CODE 

The PCM67/69A accepts Binary Two’s Complement (BTC) 
digital input code (MSB FIRST).The relationship of digital 
input to analog output is shown in Table 1. 


DIGITAL INPUT 

ANALOG OUTPUT 
(VOLTAGE) 

ANALOG OUTPUT 
(CURRENT) 

7FFFFF (HEX) 
00003 F (HEX) 
FFFFFF (HEX) 
80003F (HEX) 

+FSR 

BPZ 

BPZ - 1LSB 
-FSR 

-1 ,2mA 
-0.6mA 
-0.59995mA 

OmA 


TABLE I. Digital Code and Analog Out. 


GAIN ERROR AND GAIN MISMATCH, 
CHANNEL-TO-CHANNEL 

Gain error is defined as deviation of the output current span 
from the ideal span of 1.2mA (FSR) on each channel. Gain 
error of PCM67/69A is typically ±3% of FSR. 

Gain mismatch, channel-to-channel is defined as the differ- 
ence in gain error between the left channel and right channel. 



S/N RATIO 

S/N ratio is defined as the ratio of full scale output and no input 
noise level at BPZ point. The PCM67/69A is specified at 
llOdB typical with “IHF-A” filter. 

LEVEL LINEARITY ERROR 

Level linearity error is defined as the deviation of actual 
analog output level from digital input level. PCM67/69A is 
specified at ldB typical at -90dB output level. The 0 5LSB 
quantization error at -90dB of 16-bit conversion is equal to 
+1.94dB, -2.5dB. 


TOTAL HARMONIC DISTORTION 

THD is a key parameter in audio applications, THD is a 
measure of the magnitude and distribution of the linearity 
error, differential linearity error, and noise, as well as quanti- 
zation error. To be useful, THD should be specified for both 
high level and low level input signals. This error is unadjustable 
and is the most meaningful indicator of D/A converter accu- 
racy for audio applications. 

THD is defined as the ratio of the square root of the sum of the 
squares of the values of the harmonics to the value of the 
fundamental input frequency and is expressed in percent or 
dB. The rms value of the PCM67/69A error referred to the 
input can be shown to be 


J 


|X[E L (i)+E Q (i)] 


2 


( 1 ) 


THE RELATIONSHIP OF V C0M AND l/V OUT 

The output current range of PCM67 and PCM69A is OmA to 
1.2mA as shown in Table 1. 

In the typical application, the non-inverting input of the 
external I/V op amp is connected to the V CO m pi n °f PCM67 
and PCM69A. Accordingly, the output voltage level at FSR 
after I/V conversion is V COM voltage (+3.5V) as shown in 
Figure 2. 


where n is the number of samples in one cycle of any given 
sine wave, E L (i) is the linearity error of the PCM67 or 
PCM69A at each sampling point. THD can then be expressed 


. / ji[^>+E Q (i)] 2 

e rnB V i = 1 

THD =-=^=— x 100% 

4 he b rms ( 2 ) 

where E nns is the rms signal- voltage level. 
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This expression indicates that, in general, there is a correlation 
between the THD and the square root of the sum of the squares 
of the linearity errors at each digital word of interest. How- 
ever, this expression does not mean that the worst-case linear- 
ity error of the D/A is directly correlated to THD. 

For PCM67 and PCM69A the test period is set at an 8X 
oversampling rate (352.8kHz = 44.1kHz • 8), which is the 
typical sample rate for CD player applications. 

The test signal frequency is 991 Hz and the amplitude of the 
signal level is F/S (OdB), and -60dB down from F/S. 

All THD tests are performed without a deglitcher circuit and 
without a 20kHz low pass filter. 

SYSTEM CLOCK REQUIREMENTS 

The PCM67 and PCM69 A need a system clock for the one-bit 
noise shaping DAC operation. 

The PCM67 is capable of only a 384Fs corollary system clock 
frequency such as 192Fs, 96Fs (24 times word rate or integer 
multiple of 24). 

The PCM69A is capable of any system clock up from 48Fs to 
384Fs such as 384Fs, 256Fs, lOOFs with condition for timing 
as described in “Timing of PCM69A” in Figure 5. 

The user can choose either model for their application. 
Table II shows the different SYSCLK options. 


MODEL 

BASIC SYSCLK 

OTHER CAPABLE 
SYSCLK 

PCM67 

384Fs 

192Fs, 96Fs 

PCM69A 

Any Clock (with timing condition) 

Examples: 384Fs, 300Fs, 256Fs, 200Fs, 90Fs 


TABLE II. System Clock Requirements. 


LOGIC TIMING 

The serial data bit transfers are triggered on positive bit clock 
(BCK) edges. The serial-to-parallel data transfer to the DAC 
occurs on the falling edge of Word Clock (WDCK). The 
change in the output of the DAC coincides with the falling 
edge of WDCK. 

Refer to Figure 3 for graphical relationships of these signals. 
The setup and hold timing relationships for these signals are 
shown in Figure 4. 


R-ch Data MSB)(bit2)( 
L-ch Data msbY^ 
Bit 


■«* mrimjijwijijijiiij 


WD Clock 


sys clock JlTUlfl i 


FIGURE 3. Timing Diagram. 


The PCM67/69A accepts TTL compatible logic input levels. 
The data format of the PCM67/69A is BTC with the most 
significant bit (MSB) being first in the serial input bit stream. 



t SH : SYS Clock High Pulse Width : 15ns, min 
t SL : SYS Clock Low Pulse Width : 15ns, min 
t DW : Data Valid Time : 20ns, min 
tpsu’ Data Setup Time : 10ns, min 
t DH0 : Data Hold Time : 5ns, min 
t CH : Bit Clock High Pulse Width : 15ns, min 
t CL : Bit Clock Low Pulse Width : 15ns, min 
t cw : WD Clock Fall Time From Bit Clock Rise : 1 0ns, min 
t wc : Bit Clock Rise Time From WD Clock Fall : 1 5ns, min 
t WH : WD Clock High Pulse Width : 1 SYS Clock Cycle, min 
t WL : WD Clock Low Pulse Width : 1 SYS Clock Cycle, min 


FIGURE 4. Timing Specification. 


TIMING OF PCM69A 


PCM69 A timing is similar to PCM67 except that PCM69A is 
capable of operating from any system clock up to 384Fs. For 
synchronized operation, PCM69A system clock and WDCK! 
timing must be as shown in Figure 5. H 



FIGURE 5. Timing of PCM69A for SYSCLK and WDCK. 


t mm 
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INSTALLATION 

POWER SUPPLIES 

Refer to “Pin Configuration” diagram for proper connection 
of the PCM67/69A. The PCM67/69A requires only a +5V 
supply. Both analog and digital supplies should be tied to- 
gether at a single point, as no real advantage is gained by using 
separate supplies. It is more important that both these supplies 
be as “clean” as possible to reduce coupling of supply noise to 
the output. 

FILTER CAPACITOR REQUIREMENTS 

As shown in the “Pin Configuration” diagram, various sizes of 
decoupling capacitors can be used with no special tolerances 
required. All capacitors should be as close to the appropriate 
pins of the PCM67/69A as possible to reduce noise pickup 
from surrounding circuitry. 

A power supply decoupling capacitor should be used near the 
analog supply pin to maximize power supply rejection, as 
shown in Figure 6, regardless of how good the supplies are. 
Both commons should be connected to an analog ground 
plane as close to the PCM67/69A as possible. 

The value of these capacitors is influenced by actual board 
layout design and noise from power supplies and other digital 
input lines. 

The best suitable value for the capacitors should be deter- 
mined by the user’s actual application board. 



SHIFT OF l/V OUT VOLTAGE 

If the user requires a bipolar voltage output centered around 
OV or one-half of V cc , the output can be shifted by adding an 
offset current on the inverting point of the I/V op amp as 
shown in Figure 6. 



FIGURE 7. Useful Application Circuit for Shift of I/V Out 
Voltage. 


INTERFACE CONTROL FUNCTION 

Both the PCM67 and PCM69A (SOIC package type) are 
capable of 16-bit L/R serial input and 20-bit L/R parallel input 
as shown in Table 3. 


MCI 

MC2 

MC3 

DATA-R 

INPUT FORMAT 

0 

0 

1 

0 

1 6-Bit L/R Serial* 1 ) jjRlLjR WDCK 

0 

0 

1 

1 

16-Bit L/R Serial* 1 ) TIrJUIR WDCK 

0 

1 

1 

0 

18-Bit L/R Serial* 1 ) JjRlLjR WDCK 

0 

1 

1 

1 

18-Bit L/R Serial* 1 ) HRjLlfl WDCK 

1 

0 

1 

X 

20-Bit L/R Parallel 

1 

0 

0 

X 

20-Bit L/R Parallel [WDCK Invert] 

1 

1 

1 

X 

18-Bit L/R Parallel 

1 

1 

0 

X 

18-Bit L/R Parallel [WDCK Invert] 

NOTE: (1) Data input to Data-Lch (Pin 17) for L/R serial format. 


TABLE III. Interface Control Function of SOIC. 


PCM67P and PCM69AP (DIP package) have only 18-bit 
L/R serial input function as shown in Table 4. 


MCI 

DATA-R 

INPUT FORMAT 

0 

0 

1 8-Bit L/R Serial 

JjRlLjR WDCK 

0 

1 

18-Bit L/R Serial 

T|R]LlR WDCK 

1 

X 

18-Bit L/R Parallel 



TABLE IV. Interface Control Function of DIP. 
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DIGITAL FILTER INTERFACE 


16-Bit L/R Serial — 1 



18-Bit L/R Parallel 


SM5840 


DOR 

BCKO 

XTi 

WDCKO 

DOL 


18-Bit Mode 


PCM67U/69AU 



DGND 

i 

MC2 

m 

Data R-ch 

i 

BCK 

i 

SYSCLK 

i 

WDCK 

m 

Data L-ch 

l 

MC3 

l 

MCI 


+V DD 


~ V DD 


FIGURE 8. Using Sony CXD2551. 


FIGURE 10. Using NPC SM5840. 


16-Bit L/R Serial — 2 


BCKO ■ 
XTi 

LRCO ■ 

d out r 


PCM67U/69AU 


— 1 11 DGND 
- juT MC2 
- | 13 Data R-ch 
— 1~14~ BCK 
— p15~ SYSCLK 
— [~16~ WDCK 
- | 17 Data L-ch 
— [~18~ MC3 
— 1~19~ MCI 

-{to. +v DD 


20-Bit L/R Parallel 


DOR 

BCKO 

XTi 

WDCKO 

DOL 


£ 


PCM67U/69AU 


— fTT DGND 
- j~12~ MC2 

-n 

-Ft 

■Ft 

Fl 

■Ft 


Data R-ch 

BCK 

SYSCLK 

WDCK 

Data L-ch 

MC3 

MCI 

+Vnn 


FIGURE 9. Using NPC SM5807. 


FIGURE 11. Using Burr-Brown DF1700. 
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THEORY OF OPERATION 

Digital converters in audio systems have traditionally utilized 
a laser-trimmed, current-source DAC architecture. Unfortu- 
nately, this type of technology suffers from the problems 
inherent in switching widely varying current levels. Design 
improvements have helped, but DACs of this type still exhibit 
low-level nonlinearity due to errors at the major carry. 

Recently, DACs employing a different architecture have been 
introduced. Most of these DACs utilize a one-bit DAC with 
“noise shaping” techniques and very high oversampling rate 
to achieve the digital-to-analog conversion. Basically, the 
trade-off is from very accurate but slow current sources to one 
rapidly sampled current source whose average output in the 
audio frequency range is equal to the current desired. Noise 
shaping insures that the “undesirable” frequencies associated 
with one-bit DAC output lie outside the audio range. 

These “Bitstream”, “MASH”, or one-bit DACs overcome the 
low level linearity problems of conventional DACs, since 
there can be no major carry error. However, this architecture 
exhibits problems of its own: signal-to-noise performance is 
usually worse than a similar conventional DAC, “dither 
noise” may be needed in order to get rid of unwanted tones, a 
separate high-speed clock may be required, the part may show 
sensitivity to clock jitter, and a high-order low-pass filter is 
necessary to filter the DAC output. 

The PCM67/69A is a cross between these two architectures. 
It includes both a conventional laser-trimmed, current-source 
DAC and an advanced one-bit DAC. The conventional DAC 
is a 1 0-bit DAC where each bit weight has been trimmed to 1 8- 
bit linearity. The one-bit DAC has a weight equal to bit 10 and 
employs a first-order noise shaper to generate the “bitstream.” 

This approach does not eliminate all the problems associated 
with the two architectures but rather minimizes them as much 
as possible. The conventional DAC still exhibits some major 
carry error which would normally reduce low-level linearity. 
However, to reduce this error even further, the PCM67/69A 
utilizes an offset technique whereby bit n is subtracted from 
the digital input code whenever it is positive (see Figure 1 and 
Table I). When this is done, an offset current equal to the 


weight of bit n is switched in to compensate. This offset comes 
from a one-bit DAC which has also been trimmed to 18-bit 
linearity. While this technique doesn’t remove the major carry 
error completely, the “glitch” is only present in higher ampli- 
tude signals where it is much less audible. 

As for the one-bit DAC, a number of problems with this 
architecture are also reduced: the DAC is designed to operate 
from the system clock, thus eliminating the need for a separate 
clock; the lower quantizing level of the DAC make it less 
sensitive to clock jitter; and output filtering requirements are 
reduced because “out-of-band noise” has smaller amplitude, 
is “farther-out,” and increases much more slowly due to the 
first-order noise shaper. Still, it is important to keep in mind 
that the one-bit DAC imposes some design considerations. 
Figure 2 shows the THD + N of the converter versus “System 
Clock” frequency. This is the clock used to operate the one-bit 
DAC and noise shaper. Generally, the higher the oversampling 
the better. However, near full-scale, the converter is limited by 
other constraints and higher clock frequencies (past 96f ) tend 
to slightly worsen its performance. At low levels, perfor- 
mance improves almost linearly with increasing clock fre- 
quency. The one-bit DAC was designed to operate between 
96f (4X oversampling) and 384f (16X oversampling). But, it 
can be operated at 48f (2X oversampling) with slightly 
reduced performance. 

TOTAL HARMONIC DISTORTION + NOISE 

A key specification for audio DACs is usually total harmonic 
distortion plus noise (THD + N). For the PCM67/69A, THD 
+ N is tested in production as shown in Figure 12. Digital data 
words are read into the PCM67/69A at eight times the stan- 
dard compact disk audio sampling frequency of 44.1kHz 
(352.8kHz) so that a sine wave output of 991Hz is realized. 
The output of the DAC goes to an I-to-V converter, then to a 
programmable gain amplifier to provide gain at lower signal 
output test levels, and then through a 40kHz low pass filter 
before being fed into an analog type distortion analyzer. 
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FIGURE 12. PCM67/69A THD + N Production Test. 


Cio 



FIGURE 13. Single +5V Power Supply, with LPF, I/V Amp Application Circuit for Portable Digital Audio. 
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Oo 

k) 


^-irr-| 17 - 1k 


Digital Interface 
I Format Receiver 


8X Interpolation 
Digital Filter 


Interleaved 

Digital 

Input 


16.9344MHz 

(192F S ) 

1MQ 


12 

2 

15 

28 

17 

1 


Burr-Brown 

DF1700P 


RDATA 

BTCK 

SYSCK LV rnk , 2 



Burr-Brown 

PCM67P/69AP 

(Note: 16-Pin DIP) 


2200pF 
+15V , 7iiC 



NOTE: Only left channel shown. 



A 1 to A 4 = Burr-Brown OPA2604AP 
or NE5532 equivalent. 
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BURR - BROWN ( 


PCM1700U 

PCM1700P 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


Dual 18-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


• DUAL 18-BIT LOW-POWER MONOLITHIC 
AUDIO D/A CONVERTER 

• VERY LOW MAX THD+N: -92dB Without 
External Adjust 

• CO-PHASE, GLITCH-FREE ±3V OR 
±670fiA AUDIO OUTPUTS 

• CAPABLE OF 16X PER CHANNEL 
OVERSAMPLING RATE 

• COMPLETE WITH 
INTERNAL REFERENCE 

• SERIAL INPUT FORMAT 100% COM- 
PATIBLE WITH INDUSTRY STD PCM56P 

• RUNS ON ±5V SUPPLIES AND DISSI- 
PATES 300mW MAX 

• COMPACT 28-PIN PLASTIC DIP 
OR SOIC 


DESCRIPTION 

The PCM 1700 is a low cost, high-performance, dual 
18-bit digital-to-analog converter. The PCM 1700 fea- 
tures true glitch-free, co-phase current and voltage 
outputs and only requires ±5V supplies. The PCM 1700 
comes complete with an internal reference and op- 
tional MSB adjustability for even greater THD per- 
formance. Total power dissipation is less than 400mW 
max. Low maximum Total Harmonic Distortion + 
Noise (-92dB max; PCM1700P-K) is 100% tested. 
The very fast PCM 1700 is also capable of 16X over- 
sampling rates on both channels simultaneously, pro- 
viding freedom in output filter selection. 

The PCM1700 comes in space-saving 28-pin plastic 
DIP and SOIC packages. PCM 1700 accepts a serial 
data input format that is compatible with other Burr- 
Brown PCM products such as the industry standard 
PCM56P. 

;B Adi Left l n(rr Left SJ 


Data Right CH 



-O V OUT Right 


I out R*Qht SJ 
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SPECIFICATIONS 


ELECTRICAL 

At 25°C, and ±V CC = ±5.00V unless otherwise noted. Where relevant, specifications apply to both left and right input/output channels. 




PCM1 700U/U-J/U-K, PCM1700P/P-J/P-K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


18 



Bits 

DYNAMIC RANGE 



+108 


dB 

INPUT | 

DIGITAL INPUT 

Logic Family 

Logic Level: V IH 


+2 

1 

rTL Compatible 

+V cc 

V 

v. 


0 


-0.8 

V 

l |H 

V |H = +2.7V 



+1 

pA 

',L 

V 1L = +0.4V 



-50 

pA 

Data Format 

Input Clock Frequency 



Serial BTC (1) 

16.9 

MHz 

DYNAMIC CHARACTERISTICS | 

TOTAL HARMONIC DISTORTION + N< 6 > 






PCM1700 : 






f = 991 kHz (OdB) 

f s = 352.8kHz (4) 


-88 

-82 

dB 

f = 991kHz(-20dB) 

f s = 352.8kHz 


-74 

-68 

dB 

f IN = 991kHz (-60dB) 

f g = 352.8kHz 


-34 

-28 

dB 

PCM1700 -J: 






f = 991kHz (OdB) 

f s = 352.8kHz 


-94 

-88 

dB 

f = 991 kHz (-20dB) 

f s = 352.8kHz 


-76 

-74 

dB 

f = 991kHz(-60dB) 

f s = 352.8kHz 


-36 

-34 

dB 

PCM1700_-K: 






f = 991kHz (OdB) 

f s = 352.8kHz 


-98 

-92 

dB 

f = 991kHz (-20dB) 

f s = 352.8kHz 


-80 

-74 

dB 

f = 991kHz (-60dB) 

f s = 352.8kHz 



-34 

dB 

CHANNEL SEPARATION 


+96 

+108 


dB 

SIGNAL-TO-NOISE RATIO 5 ) 

20Hz to 20kHz at BPZ< 6 > 


+108 


dB 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 



±1 

±3 

% 

Gain Mismatch 

Channel to Channel 


±1 

±3 

% 

Bipolar Zero Error 



10 


mV 

BPZ Error Mismatch 

Channel to Channel 


5 


mV 

BPZ Differential Linearity Error* 7 ' 



±1 


LSB 

Gain Drift 



100 


ppm/°C 

Bipolar Zero Drift 



20 


ppm of FSR/°C 

Warm-up Time 


1 



minute 

POWER SUPPLY REJECTION 

-*-^CC ^OUT 


+86 


dB 

ANALOG OUTPUT 

Voltage: Output Range 



±3 


V 

Output Impedance 



0.1 


Q 

Current Output 



±8 


mA 

Capacitive Load Drive 

^LOAD = ^ -5kQ 


TBD 


pF 

Short Circuit Duration 



Indefinite 



Settling Time 



Sufficient to Meet THD + N Specs 

Glitch Energ 


Meets All THD + N Specs Without External Output Deglitching 

Current: Output Range 

(±2%) 


±670 


pA 

Output Impedance 

(±2%) 


1.67 


kQ 

| POWER SUPPLY REQUIREMENTS | 

±V CC Supply Voltage 


+4.75 

+5.00 

+5.25 

V 

Supply Current: +l cc 

+V CC = +5.0V 


+40 


mA 

->cc 

-V CC = -5.0V 


-16 


mA 

Power Dissipation 

±Vcc = ±5.0V 


280 

475 

mW 

| TEMPERATURE RANGE j 

Specification 


0 


+70 

°C 

Operating 


-30 


+70 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1 ) Binary Two’s Complement coding. (6) Ratio of (Distortion RMS + Noise RMS ) / Signal RMS . (3) D/A converter input frequency/signal level on both left and right 
channels. (4) D/A converter sample frequency (8 X 44.1 kHz; 8X oversampling per channel). (5) Ratio of Noise RMS / Signal RMS . Measured using an A-weighted filter. (6) 
Bipolar zero. (7) Differential non-linearity at bipolar major carry input code. Measured in 16-bit LSBs. Adjustable to zero error. 
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PIN ASSIGNMENTS (Plastic PKG) 



DESCRIPTION 

MNEMONIC 

i 

-5 V Analog Supply 

-V C c 

2 

Left Channel Servo-Amp Decoupling Point 

CAP 

3 

Left Channel MSB Adjustment 

MSB ADJ (L) 

4 

No Connect 

NC 

5 

Left Channel Bipolar Offset Decoupling Point 

CAP 

6 

Left Channel Current Output 

IOUT (L) 

7 

Left Channel Analog Common 

ACOM 

8 

Left Channel Summing Junction 

SJ (L) 

9 

Left Channel Voltage Output 

VOUT (L) 

10 

No Connect 

NC 

11 

+5V Digital Supply 

+V OP 

12 

Left Channel Data Input 

DATA 

13 

Clock Input 

CLOCK 

14 

-5 V Logic Supply 

-Vp D 

15 

Latch Enable Input 

LE 

16 

Right Channel Data Input 

DATA (R) 

17 

Digital Common 

DCOM 

18 

No Connect 

NC 

19 

Right Channel Voltage Output 

VOUT (R) 

20 

Right Channel Summing Junction 

SJ (R) 

21 

Right Channel Analog Common 

ACOM 

22 

Right Channel Current Output 

IOUT (R) 

23 

Right Channel Bipolar Offset Decoupling Point 

CAP 

24 

Right Channel MSB Adjustment 

MSB ADJ (R) 

25 

Right Channel Servo-Amp Decoupling Point 

CAP 

26 

MSB Adjustment Potentiometer Voltage Output 

VPOT 

27 

+5V Analog Supply 

+V CC 

28 

Digital Common 

DCOM 


ORDERING INFORMATION 


Basic Model Number 

P: Plastic U: SOIC 

Performance Grade Code 


PCM1700 H i) 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltages ±7.5VDC 

Input Logic Voltage -IV to +V CC 

Power Dissipation 500mW 

Operating Temperature -25°C to +70°C 

Storage Temperature -60°C to +100°C 

Lead Temperature (soldering, 10s) +300°C 


PIN ASSIGNMENTS (SOIC PKG) 


eh 

DESCRIPTION 

MNEMONIC 

9 

-5V Analog Supply 

-v cc 

10 

Left Channel Servo-Amp Decoupling Point 

CAP 

11 

Left Channel MSB Adjustment 

MSB ADJ (L) 

19 

No Connect 

NC 

12 

Left Channel Bipolar Offset Decoupling Point 

CAP 

13 

Left Channel Current Output 

'out <L) 

14 

Left Channel Analog Common 

ACOM 

15 

Left Channel Summing Junction 

SJ (L) 

16 

Left Channel Voltage Output 

V out (L> 

17 

No Connect 

NC 

18 

+5V Digital Supply 

+v DD 

20 

Left Channel Data Input 

DATA 

21 

Clock Input 

CLOCK 

22 

-5V Logic Supply 

“^DD 

23 

Latch Enable Input 

LE 

24 

Right Channel Data Input 

DATA (R) 

25 

Digital Common 

DCOM 

26 

No Connect 

NC 

27 

Right Channel Voltage Output 

Vout (R) 

28 

Right Channel Summing Junction 

SJ (R) 

1 

Right Channel Analog Common 

ACOM 

2 

Right Channel Current Output 

'our (R) 

3 

Right Channel Bipolar Offset Decoupling Point 

CAP 

4 

Right Channel MSB Adjustment 

MSB ADJ (R) 

5 

Right Channel Servo-Amp Decoupling Point 

CAP 

6 

MSB Adjustment Potentiometer Voltage Output 

VpOT 

7 

+5V Analog Supply 

+ V DD 


Digital Common 

DCOM 


NOTE: In the SOIC (PCM1700U) package, the die is rotated 90°. Therefore, 
the pin assignments are different from the DIP. See pin assignments on page 
4 for details. 


PACKAGE INFORMATIONS) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM1700U 

28-Pin SOIC 

217 

PCM1700U,J 

28-Pin SOIC 

217 

PCM1700U.K 

28-Pin SOIC 

217 

PCM1700P 

28-Pin Plastic DIP 

126 

PCM1700P.J 

28-Pin Plastic DIP 

126 

PCM1700P.K 

28-Pin Plastic DIP 

126 


NOTE: (1) For detailed drawing and dimension table, please see end of data" 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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DIGITAL INPUT 

ANALOG OUTPUT | 

Binary Two’s 
Complement (BTC) 

DAC Output 

Voltage (V) 
V 0UT Mode 

Current (mA) 
lour Mode 

1FFFF Hex 

00000 Hex 

3FFFF Hex 

20000 Hex 

+ FS 

BPZ 

BPZ - 1 LSB 

- FS 

+2.99997711 

0.00000000 

-0.00002289 

-3.00000000 

-0.66999489 

0.00000000 

+0.0000051 1 

+0.67000000 


TABLE I. PCM 1700 Input/Output Relationships. 



FIGURE 1. PCM1700P Setup and Hold Timing Diagram. 



FIGURE 2. Timing Diagram. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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BURR - BROWN 



PCM1702P 

PCM1702U 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


BiCMOS Advanced Sign Magnitude 20-Bit 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• ULTRA LOW -96dB max THD + N 
(No External Adjustment Required) 

• NEAR-IDEAL LOW LEVEL OPERATION 

• GLITCH-FREE OUTPUT 

• 120dB SNR TYP (A-Weight Method) 

• INDUSTRY STD SERIAL INPUT FORMAT 

• FAST (200ns) CURRENT OUTPUT 
(±1 .2mA) 

• CAPABLE OF 16X OVERSAMPLING 

• COMPLETE WITH REFERENCE 

• LOW POWER (150mW typ) 


DESCRIPTION 

The PCM 1702 is a precision 20-bit digital-to-analog 
converter with ultra-low distortion (-96dB typ with a 
full scale output). Incorporated into the PCM 1702 is 
an advanced sign magnitude architecture that elimi- 
nates unwanted glitches and other nonlinearities around 
bipolar zero. The PCM 1702 also features a very low 
noise (120dB typ SNR: A- weighted method) and fast 
settling current output (200ns typ, 1.2mA step) which 
is capable of 16X oversampling rates. 

Applications include very low distortion frequency 
synthesis and high-end consumer and professional 
digital audio applications. 



RF DC SERV DC 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at 25°C, ±V CC and +V DD = ±5V unless otherwise noted. 




PCM1702P/U, -J, 

-K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


20 



Bits 

DYNAMIC RANGE, THD + N at -60dB Referred to Full Scale, with A-weight 


110 


dB 

DIGITAL INPUT 






Logic Family 


TTL/CMOS Compatible 


Logic Level: V IH 


+2.4 


+v DD 

V 

v 1L 


0 


0.8 

V 

',H 

< 

X 

+ 

D < 



±10 

ixA 

l,L 

> 

o 

n 

> 



±10 

pA | 

Data Format 


Serial, MSB First, BTC* 1 * 


Input Clock Frequency 



12.5 

20.0 

MHz 

TOTAL HARMONIC DISTORTION + N< 2 > 






P/U V 0 = OdB 

f s = 352.8kHz, f = 1 002Hz 


-92 

-88 

dB 

V 0 = -20dB 

f s = 352.8kHz, f = 1002Hz 


-82 

-74 

dB 

V Q = -60dB 

f s = 352.8kHz, f = 1002Hz 


-46 

-40 

dB 

P/U, -J V 0 = OdB 

f s = 352.8kHz, f= 1002Hz 


-96 

-92 

dB 

V 0 = -20dB 

f s = 352.8kHz, f= 1002Hz 


-83 

-76 

dB 

V 0 = -60dB 

f s = 352.8kHz, f = 1 002Hz 


-48 

-42 

dB 

P/U, -K V 0 = OdB 

f s = 352.8kHz, f = 1002Hz 


-100 

-96 

dB 

V Q = -20dB 

f s = 352.8kHz, f= 1002Hz 


-84 

-80 

dB 

V 0 = -60dB 

f s = 352.8kHz, f= 1002Hz 


-50 

-44 

dB 

ACCURACY 






Level Linearity 

At -90dB Signal Level 


±0.5 


dB 

Gain Error 



±0.5 

±3 

% 

Bipolar Zero Error* 5 * 



±0.25 


% 

Gain Drift 

0°C to 70°C 


±25 


ppm of FSR/°C 

Bipolar Zero Drift 

0°C to 70°C 


±5 


ppm of FSR/°C 

Warm-up Time 



1 


minute 

IDLE CHANNEL SNR* 6 ’ 

Bipolar Zero, A-weighted Filter 

110 

120 


dB 

ANALOG OUTPUT 






Output Range 



±1.2 


mA 

Output Impedance 



1.0 


kO 

Settling Time 

(±0.003% of FSR, 1 .2mA Step) 


200 


ns 

Glitch Energy 


No 

Glitch Around Z 

ero 


POWER SUPPLY REQUIREMENTS 






Supply Voltage Range: +V CC = +V DD 


+4.75 

+5.00 

+5.25 

V 

-v cc = -V DD 


-4.75 

-5.00 

-5.25 

V 

Combined Supply Current: +l cc 

+V cc = + V dd = + 5V 


+5.00 

+9.0 

mA 

Combined Supply Current: -l cc 

_V cc = _V do =_5V 


-25.00 

-41.0 

mA 

Power Dissipation 

±V cc = ±V dd = ±5V 


150 

250 

mW 

TEMPERATURE RANGE 






Operating 


-25 


+85 

°C 

Storage 


-55 


+125 

°C 


NOTES: (1 ) Binary Two’s Complement coding. (2) Ratio of (Distortion RMS + Noise RMS ) / Signal RMS . (3) D/A converter output frequency (signal level). (4) D/A converter 
sample frequency (8 x 44.1kHz; 8x oversampling). (5) Offset error at bipolar zero. (6) Measured using an OPA627 and 5k Q feedback and an A-weighted filter. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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ABSOLUTE MAXIMUM RATINGS (DIP Package) 


Power Supply Voltage ±6.5VDC 

Input Logic Voltage DGND — 0.3V~+V DD +0.3V 

Operating Temperature -25°C to +85°C 

Storage Temperature -55°C to +125°C 

Power Dissipation 500mW 

Lead Temperature (soldering, 10s) 260°C 


PIN ASSIGNMENTS (DIP Package) 


PIN 

MNEMONIC 

PIN 

MNEMONIC 

1 

DATA 

9 

+v cc 

2 

CLOCK 

10 

BPO DC 

3 

+v DD 

11 

'out 

4 

DCOM 

12 

ACOM 

5 

-v DD 

13 

ACOM 

6 

LE 

14 

SERV DC 

7 

NC 

15 

REF DC 

8 

NC 

16 

-v cc 


PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM1702P 

16-Pin Plastic DIP 

807 

PCM1702U 

20-Pin Plastic SOP 

808 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


ABSOLUTE MAXIMUM RATINGS (SOP Package) 



+6.5VDC 

Input Logic Voltage 

DGND— 0.3V~+V dd +0.3V 

Operating Temperature 

Storage Temperature 

-25°C to +85°C 

-55°C to +125°C 

Power Dissipation 

300mW 

1 aari Tamnaratura fsnlriarinn. 8s) 

2R0°C 

i, ... _ i 


PIN ASSIGNMENTS (SOP Package) 


PIN 

MNEMONIC 

PIN 

MNEMONIC 

1 

DATA 

11 

+V cc 

2 

CLOCK 

12 

BPO DC 

3 

NC 

13 

NC 

4 

+v DD 

14 

'out 

5 

DCOM 

15 

ACOM 

6 

-v DD 

16 

ACOM 

7 

LE 

17 

SERV DC 

8 

NC 

18 

NC 

9 

NC 

19 

RFE DC 

10 

NC 

20 

“Vcc 


CONNECTION DIAGRAM 
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TYPICAL PERFORMANCE CURVES 

All specifications at 25°C, ±V A and ±V D = ±5.0V, unless otherwise noted. 


CD 

S 

2 

+ 

Q 

X 



20 100 Ik 10k 

Output Frequency (Hz) 


16-BIT LEVEL LINEARITY 



-120 -110 -100 -90 -80 -70 -60 

Output Signal Level (dB) 



8.83ms/div 


co 

■o 


-90dB SIGNAL SPECTRUM 
(100Hz Bandwidth) 



0 4k 8k 12k 16k 20k 

Frequency (Hz) 
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THEORY OF OPERATION 

ADVANCED SIGN MAGNITUDE 

Digital audio systems have traditionally used laser-trimmed, 
current-source DACs in order to achieve sufficient accuracy. 
However, even the best of these suffer from potential low- 
level nonlinearity due to errors at the major carry bipolar 
zero transition. More recently, DACs employing a different 
architecture which utilizes noise shaping techniques and 
very high over-sampling frequencies, have been introduced 
(“Bitstream”, “MASH”, or 1-bit DAC). These DACs over- 
come the low level linearity problem, but only at the expense 
of signal-to-noise performance, and often to the detriment of 
channel separation and intermodulation distortion if the 
succeeding circuitry is not carefully designed. 

The PCM 1702 is a new solution to the problem. It combines 
all the advantages of a conventional DAC (excellent full 
scale performance, high signal-to-noise ratio and ease of 
use) with superior low-level performance. Two DACs are 
combined in a complementary arrangement to produce an 
extremely linear output. The two DACs share a common 
reference, and a common R-2R ladder for bit current sources 
by dual balanced current segments to ensure perfect tracking 
under all conditions. By interleaving the individual bits of 
each DAC and employing precise laser trimming of resis- 
tors, the highly accurate match required between DACs is 
achieved. 

This new, complementary linear or advanced sign magni- 
tude approach, which steps away from zero with small steps 
in both directions, avoids any glitching or “large” linearity 
errors and provides an absolute current output. The low level 
performance of the PCM1702 is such that real 20-bit reso- 
lution can be realized, especially around the critical bipolar 
zero point. 

Table 1 shows the conversion made by the internal logic of 
the PCM 1702 from binary two’s complement (BTC). Also, 
the resulting internal codes to the upper and lower DACs 
(see front page block diagram) are listed. Notice that only 
the LSB portions of either internal DAC are changing 
around bipolar zero. This accounts for the superlative per- 
formance, of the PCM 1702 in this area of operation. 


DISCUSSION OF 
SPECIFICATIONS 

DYNAMIC SPECIFICATIONS 
Total Harmonic Distortion + Noise 

The key specifications for the PCM 1702 is total harmonic 
distortion plus noise (THD + N). 

Digital data words are read into the PCM 1702 at eight times 
the standard compact disk audio sampling frequency of 
44.1kHz (352.8kHz) so that a sine wave output of 1002Hz 
is realized. 

For production testing, the output of the DAC goes to an 
I to V converter, then through a 40kHz low pass filter, and 
then to a programmable gain amplifier to provide gain at 
lower signal output test levels before being fed into an 
analog-type distortion analyzer. Figure 1 shows a block 
diagram of the production THD + N test setup. 

For the audio bandwidth, THD + N of the PCM 1702 is 
essentially flat for all frequencies. The typical performance 
curve, “THD + N vs Frequency”, shows four different 
output signal levels: OdB, -20dB, -40dB, and -60dB. The 
test signals are derived from a special compact test disk (the 
CBS CD-I). It is interesting to note that the -20dB signal 
falls only about lOdB below the full scale signal instead of 
the expected 20dB. This is primarily due to the superior low 
level signal performance of the advanced sign magnitude 
architecture of the PCM 1702. 

In terms of signal measurement, THD + N is the ratio of 
Distortion RMS + Noise RMS / Signal^ expressed in dB. For the 
PCM1702, THD + N is 100% tested at all three specified 
output levels using the test setup shown in Figure 1. It is 
significant to note that this test setup does not include any 
output deglitching circuitry. All specifications are achieved 
without the use of external deglitchers. 

Dynamic Range 

Dynamic range in audio converters is specified as the mea- 
sure of THD + N at an effective output signal level of -60dB 
referred to OdB. Resolution is commonly used as a theoreti- 
cal measure of dynamic range, but it does not take into 
account the effects of distortion and noise at low signal 
levels. The advanced sign magnitude architecture of the 
PCM 1702, with its ideal performance around bipolar zero, 
provides a more usable dynamic range, even using the strict 
audio definition, than any previously available D/A con- 
verter. >; 


ANALOG OUTPUT 

INPUT CODE 

(20-bit Binary Two's Complement) 

LOWER DAC CODE 
(19-bit Straight Binary) 

UPPER DAC CODE 
(19-bit Straight Binary) 

+Full Scale 

011...111 

111. .11 1+1 LSB* 1 ) , 

111...111 

+Full Scale -1 LSB 

011. ..110 

111...1 11+1 LSB* 1 ) 

111...110 

Bipolar Zero +2LSB 

000...010 

111...1 11+1 LSB* 1 ) 

000... 010 

Bipolar Zero +1LSB 

000... 001 

111...1 11+1 LSB* 1 ) 

000...001 

Bipolar Zero 

000...000 

111...1 11+1 LSB* 1 ) 

000...000 

Bipolar Zero -1 LSB 

111...111 

111...111 

000... 000 

Bipolar Zero -2LSB 

111. ..110 

111...110 

000...000 

-Full Scale +LSB 

100...001 

000...001 

000...000 

-Full Scale 

100...000 

000...000 

000... 000 


NOTE: (1 ) The extra weight of 1 LSB is added at this point to make the transfer function symmetrical around bipolar zero. 


TABLE I. Binary Two's Complement to Sign Magnitude Conversion Chart. 
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FIGURE 1. Production THD + N Test Setup. 


Level Linearity 

Deviation from ideal versus actual signal level is sometimes 
called “level linearity” in digital audio converter testing. See 
the “-90dB Signal Spectrum” plot in the Typical Perfor- 
mance Curves section for the power spectrum of a PCM 1702 
at a -90dB output level. (The “-90dB Signal” plot shows the 
actual -90dB output of the DAC). The deviation from ideal 
for PCM 1702 at this signal level is typically less than 
±0.3dB. For the “-1 lOdB Signal” plot in the Typical Perfor- 
mance Curves section, true 20-bit digital code is used to 
generate a -llOdB output signal. 

This type of performance is possible only with the low- 
noise, near-theoretical performance around bipolar zero of 
the PCM 1702 advanced sign magnitude. 

A commonly tested digital audio parameter is the amount of 
deviation from ideal of a 1kHz signal when its amplitude is 
decreased form -60dB to -120dB. A digitally dithered input 
signal is applied to reach effective output levels of 
-120dB using only the available 16-bit code from a special 
compact disk test input. See the “16-bit Level Linearity” plot 
in the Typical Performance Curves section for the results of 
a PCM 1702 tested using this 16-bit dithered fade-to-noise 
signal. Note the very small deviation from ideal as the signal 
goes from -60dB to -lOOdB. 

DC SPECIFICATION 
Idle Channel SNR 

Another appropriate specification for a digital audio con- 
verter is idle channel signal-to-noise ratio (idle channel 
SNR). This is the ratio of noise on the DAC output at bipolar 
zero in relation to the full scale range of the DAC. To make 
this measurement, the digital input is continuously fed the 
code for bipolar zero, while the output of the DAC is band- 
limited from 20Hz to 20kHz and an A-weighted filter is 
applied. The idle channel SNR for the PCM 1702 is typically 
greater than 120dB, making it ideal for low-noise applica- 
tions. 


Monotonicity 

Because of the unique advanced sign magnitude architecture 
of the PCM 1702, increasing values of digital input will 
always result in increasing values of DAC output as the 
signal moves away from bipolar zero in one-LSB steps (in 
either direction). The “16-bit Monotonicity” plot in the 
Typical Performance Curves section was generated using 
16-bit digital code from a test compact disk. The test starts 
with 10 periods of bipolar zero. Next are 10 periods of 
alternating ILSBs above and below zero, and then 10 
periods of alternating 2LSBs above and below zero, and so 
on until lOLSBs above and below zero are reached. The 
signal pattern then begins again at bipolar zero. 


With PCM 1702, the low-noise steps are clearly defined and 
increase in near-perfect proportion. This performance is 
achieved without any external adjustments. By contrast, - 
sigma-delta (“Bit-stream”, “MASH”, or 1-bit DAC) archi-l 
tectures are too noisy to even see the first 3 or 4 bits changel 
(at 16 bits), other than by a change in the noise level. 


Absolute Linearity 

Even though absolute integral and differential linearity specs 
are not given for the PCM 1702, the extremely low THD + 
N performance is typically indicative of 17-bit integral 
linearity in the DAC. The relationship between THD + N 
and linearity, however, is not such that an absolute linearity 
specification for every individual output code can be guar- 
anteed. 


Offset, Gain, and Temperature Drift 

Although the PCM 1702 is primarily meant for use in dy- 
namic applications, specifications are also given for more 
traditional DC parameters such as gain error, bipolar zero 
offset error, and temperature gain and offset drift. 


DIGITAL INPUT 
Timing Considerations 

The PCM 1702 accepts TTL compatible logic input levels. 
The data format of the PCM 1702 is binary two’s comple- 
ment (BTC) with the most significant bit (MSB) being first 
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in the serial input bit stream. Table II describes the exact 
relationship of input data to voltage output coding. Any 
number of bits can precede the 20 bits to be loaded, since 
only the last 20 will be transferred to the parallel DAC 
register after Latch Enable (Pin6 <PCM1702P>, Pin7 
<PCM1702U>, LE) has gone low. 

All DAC serial input data (Pinl, DATA) bit transfers are 
triggered on positive clock (Pin2, CLOCK), edges. The 
serial-to-parallel data transfer to the DAC occurs on the 
falling edge of Latch Enable. The change in the output of the 
DAC occurs at a rising edge of the 4th clock of the CLOCK 
after the falling edge of Latch Enable. Refer to Figure 2 for 
graphical relationships of these signals. 

Maximum Clock Rate 

A typical clock rate of 16.9MHz for the PCM 1702 is derived 
by multiplying the standard audio sample rate of 44. 1 kHz by 
sixteen times (16X over- sampling) the standard audio word 
bit length of 24 bits (44.1kHz x 16 x 24 = 16.9MHz). Note 
that this clock rate accommodates a 24-bit word length, even 
though only 20 bits are actually being used. The setup and 
hold timing relationships are shown in Figure 3. 

“Stopped Clock” Operation 

The PCM 1702 is normally operated with a continuous clock 
input signal. If the clock is to be stopped between input data 
words, the last 20 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
Latch Enable goes low. Latch Enable must remain low until 
after the first clock cycle of the next data word to insure 
proper DAC operation. In any case, the setup and hold times 
for Data and LE must be observed as shown in Figure 3. 


DIGITAL INPUT 

ANALOG OUTPUT 

CURRENT OUTPUT 

1 ,048,576LSBs 
1LSB 

7FFFF hex 

ooooo HEX 

80000 hex 

Full Scale Range 

NA 

+Full Scale 

Bipolar Zero -1 LSB 
-Full Scale 

2.40000000mA 
2.28882054nA 
-1.19999771mA 
0.00000000mA 
+1 ,20000000mA 


TABLE II. Digital Input/Output Relationships. 


INSTALLATION 

POWER SUPPLIES 

Refer to CONNECTION DIAGRAM for proper connection 
of the PCM 1702. The PCM 1702 only requires a ±5V sup- 
ply. Both positive supplies should be tied together at a single 
point. Similarly, both negative supplies should be connected 
together. No real advantage is gained by using separate 
analog and digital supplies. It is more important that both 
these supplies be as “clean” as possible to reduce coupling 
of supply noise to the output. Power supply decoupling 
capacitors should be used at each supply pin to maximize 
power supply rejection, as shown in CONNECTION DIA- 
GRAM regardless of how good the supplies are. Both 
commons should be connected to an analog ground plane as 
close to the PCM 1702 as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in CONNECTION DIAGRAM, various size 
decoupling capacitors can be used, with no special tolerances 
being required. The size of the offset decoupling capacitor is 
not critical either, with larger values (up to lOOpF) giving 
slightly better SNR readings. All capacitors should be as close 
to the appropriate pins of the PCM 1702 as possible to reduce 
noise pickup from surrounding circuitry. 



FIGURE 3. Setup and Hold Timing Diagram. 


« uwui mrumrumiuim 



NOTES : (1) If clock is stopped between input of 20-bit data words, "Latch" Enable (LE) must remain low until after the first clock cycle of the next 20-bit data 
word stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch Enable 
(LE) must remain low at least one clock cycle after going negative. (4) Latch Enable (LE) must be high for at least one clock cycle before going negative. (5) 
l OUT changes on positive going edge of the 4th clock after negative going edge of Latch Enable (LE). 


FIGURE 2. Timing Diagram. 
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BURR - BROWN 




PCM1710U 


DEMO BOARD 
AVAILABLE 
See Appendix A for 
more information. 


Dual Voltage Output CMOS Delta-Sigma 
DIGITAL-TO-ANALOG CONVERTER 
With On-Chip Digital Filter 


FEATURES 

• DUAL MULTI-LEVEL NOISE SHAPING 
DAC WITH ON-CHIP DIGITAL FILTER 

• HIGH PERFORMANCE: 

THD+N: 0.0025% typ 
Dynamic Range: 98dB typ 
S/N RATIO: IIOdB typ 

• ANALOG VOLTAGE OUTPUT: 

V Q = 3.2Vp-p 

• ON-CHIP POST ANALOG LOW PASS 
FILTER 

• SYSTEM CLOCK 256fs or 384fs 

• ON-CHIP 8X OVERSAMPLING DIGITAL 
FILTER WITH: 

Soft Mute and Attenuator 
Digital De-Emphasis 
Double Speed Dubbing Mode 
9 SINGLE +5V POWER SUPPLY 

• SMALL 28-PIN SOIC PACKAGE 


DESCRIPTION 

The PCM 17 10 is a low cost, dual voltage output 
CMOS digital-to-analog converter. Incorporated into 
the PCM 17 10 is a unique multi-level 4th-order Delta- 
Sigma architecture that eliminates influence from in- 
put clock jitter and RF interference resulting in truly 
superior performance. 

The PCM 17 10 will accept 16- and 20-bit input data as 
well as normal/IIS (1/fs, 32 clock, continuous data) 
format data. 

The on-chip digital filter of the PCM 17 10 has -62dB 
stop band attenuation and ±0.008dB ripple in the pass 
band. 

The PCM 17 10 can be used in a wide variety of 
consumer audio applications. Its low cost, small size, 
and signal +5V operation make it ideal for portable, 
automotive, CD players, BS tuners, music instru- 
ments, and other digital audio applications. 


Input Interface 
and 

Attentuator 


Oversampling 
Digital Filter 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, f SYS = 384/256fs, and 16-bit data, unless otherwise noted. 




PCM1710U 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


16 


20 

Bits 

DIGITAL INPUT 

Logic Family 

Input Logic Level (except XTi) 






V IH 


2.0 



VDC 

V lu 




0.8 

VDC 

Input Logic Current (except XTi) 

Input Logic Level (XTi) 




-200 

pA 

V, H 


3.2 



VDC 





1.4 

VDC 

Input Logic Current (XTi) 

Output Logic Level (CLKO): 




±50 

pA 

V OH 


4.5 



VDC 

V ou 




0.5 

VDC 

Output Logic Current (CLKO) 


±10 



mA 

Data Format 


Normal/I IS (16-Bit only) selectable 


Sampling Frequency 


32 

44.1 

48 

kHz 

System Clock Frequency 

384fs 

12.288 

16.934 

18.432 

MHz 

System Clock Frequency 

256fs 

8.192 

11.2894 

12.288 

MHz 

DC ACCURACY 

Gain Error 



±1.0 

±5.0 

% of FSR 

Gain Mis-Match Channel-To-Channel 



±1.0 

±5.0 

% of FSR 

Bipolar Zero Error 

V Q = 1/2 V cc at Bipolar Zero 


±20.0 


mV 

Gain Drift 



±50 


ppm of FSR/°C 

Bipolar Gain Drift 



±20 


ppm of FSR/°C 

DYNAMIC PERFORMANCE 

THD+N at F/S (OdB)* 1 * 

f IN = 991 kHz 


-92 

-88 

dB 

THD+N at -eOfdB' 1 ' 

f IN = 991kHz 


-36 

-32 

dB 

Dynamic Range 

EIAJ A-weighted 

92 

98 


dB 

S/N Ratio 

EIAJ A-weighted 

104 

110 


dB 

Channel Separation 


90 

94 


dB 

DIGITAL FILTER PERFORMANCE 

Pass Band Ripple 

Normal Mode 


±0.008 


dB 

Pass Band Ripple 

Double Speed Mode 


±0.018 


dB 

Stop Band Attenuation 

Normal Mode 


-62 


dB 

Stop Band Attenuation 

Double Speed Mode 


-58 


dB 

Pass Band 

Normal Mode 


0.4535 


fs 

Pass Band 

Double Speed Mode 


0.4535 


fs 

Stop Band 

Normal Mode 


0.5465 


fs 

Stop Band 

Double Speed Mode 


0.5465 


fs 

De-emphasis Error 

(fs 32kHz ~ 48kHz) 

-0.53 


+0.84 

dB 

ANALOG OUTPUT 

Voltage Range 



3.2 


Vp-p 

Load Impedance 


5 



kQ 

Center Voltage 



+1/2V CC 


V 

POWER SUPPLY REQUIREMENTS 

Voltage Range: +V CC 


+4.5 

+5.0 

+5.5 

VDC 

+ V DD 


+4.5 

+5.0 

+5.5 

VDC 

Supply Current +I CC +I DD 



45 

70 

mA 

TEMPERATURE RANGE 

Operation 


-25 


+85 

°C 

Storage 


-55 


+100 

°C 


NOTE: (1) 30kHz LPF, 400Hz HPF, Average Mode. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN ASSIGNMENTS 
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PIN 

NAME 

FUNCTION 

1 

LRCIN 

Sample Rate Clock Input (fs) 

2 

DIN 

Data Input 

3 

BCKIN 

Bit Clock Input 

4 

CLKO 

Buffered Output of Oscillator 

5 

XT| 

Oscillator Input (External Clock Input) 

6 

XTO 

Oscillator Output 

7 

DGND 

Digital Ground 

8 

VoD 

Digital Power Supply (+5V) 

9 

V CC 2R 

Analog (DAC) +V CC , Rch 

10 

AGND 2R 

Analog (DAC) Ground, Rch 

11 

EXT1R 

Output Amp Common, Rch 

12 

EXT2R 

Output Amp Bias, Rch 

13 

V 0 UT^ 

Rch Analog Output 

14 

AGND 

Analog Ground 


PIN CONFIGURATION 


PIN 

NAME 

FUNCTION 

15 

^cc 

Analog Power Supply (+5V) 

16 

VourL 

Lch Analog Output 

17 

EXT2L 

Output Amp Bias, Lch 

18 

EXT1L 

Output Amp Common, Lch 

19 

AGND2L 

Analog (DAC) Ground, Lch 

20 

V^2L 

Analog (DAC) +V CC , Lch 

21 

v DD 

Digital Power Supply, (+5V) 

22 

DGND 

Digital Ground 

23 

CKSL 

System Clock Select (H:384fs, L:256fs) 

24 

MODE 

Operation Mode Select, (H: Serial, L: Parallel) 

25 

MUTE 

Mute Control (H:OFF, LON) 

26 

MD/DM1 

Mode Control, Data/De-emphasis selection 

27 

MC/DM2 

Mode Control, BCK/De-emphasis selection 

28 

MLVDSD 

Mode Control, WDCK/Double speed selection 


NOTE: All input pins require pull up resistors. 



CONNECTION DIAGRAM 



























Or, Call Customer Service at W0-548-6132 (USA Only) 

DATA INPUT TIMING 


- Left-channel Data - 


- Right-channel Data - 


CO CE 


LSB MSB 


CO 



jin ruuir nn ruinr 


FIGURE 1. Normal Format, 16-Bit (LRCIN H: Lch). 



FIGURE 2. Normal Format, 20-Bit (LRCIN H: Lch). 



FIGURE 3. IIS Format, (16-bit Only). 
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BCK Pulsewidth (H Level) 

WwH 

70ns (min) 

BCK Pulsewidth (L Level 

Ibcwl 

70ns (min) 

BCK Pulse Cycle Time 

Wy 

140ns (min) 

DIN Setup Time 

Ids 

30ns (min) 

DIN Hold Time 

toH 

30ns (min) 

BCK Rising Edge -► LRCI Edge 

^BL 

30ns (min) 

LRC 1 Edge -* BCK Rising Edge 

^LB 

30ns (min) 


TABLE I. Data Input Timing Specifications. 



FIGURE 5. Serial Mode Control Timing. 


MC Pulsewidth (H Level) 

WwH 

50ns (min) 

MC Pulsewidth (L Level) 

WwL 

50ns (min) 

MC Pulse Cycle Time 

Wy 

100ns (min) 

MD Setup Time 

*MS 

30ns (min) 

MD Hold Time 

*MH 

30ns (min) 

ML Setup Time 

Ws 

30ns (min) 

ML Hold Time 

Imch 

30ns (min) 

ML Low-Level Time 

^MLY 

1/sysclk + 20ns (min) 


TABLE II. Serial Mode Control Timing Specifications. 
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TYPICAL PERFORMANCE CURVES 


All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, f SYS = 384/256fs, and 16-bit data, unless otherwise noted. 


DIGITAL FILTER 

OVERALL FREQUENCY CHARACTERISTIC 


NORMAL MODE (De-Emphasis: OFF) 



Frequency (Hz) 


PASSBAND RIPPLE CHARACTERISTIC 



0 5k 10k 15k 20k 

Frequency (Hz) 


OVERALL FREQUENCY CHARACTERISTIC 



0 20k 40k 60k 80k 100k 120k 140k 160k 180k 


Frequency (Hz) 


PASSBAND RIPPLE FREQUENCY CHARACTERISTIC 



0 


5k 


10k 


15k 20k 25k 30k 35k 

Frequency (Hz) 


PASSBAND RIPPLE FREQUENCY CHARACTERISTIC 
DOUBLE SPEED MODE (De-Emphasis: OFF) 



DE-EMPHASIS CHARACTERISTIC, NORMAL MODE 



0 5k 10k 15k 20k 25k 

Frequency (Hz) 


HH 
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TYPICAL PERFORMANCE CURVES (CONT) 

All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, f SYS = 384/256fs, and 16-bit data, unless otherwise noted. 

ANALOG FILTER 


SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 



20 100 Ik 10k 24k 


SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 



10 100 Ik 10k 100k 1M 10M 


Frequency (Hz) 


Frequency (Hz) 


OUTPUT WAVE FORM FULL SCALE SIGNAL 
(Without External Filter) 



BURR -BROWN® 
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MODE CONTROL FUNCTION 

The digital functions of PCM1710 are capable of Parallel 
Mode and Serial Mode. Control functions of both modes are 
shown below. 

MODE CONTROL: SERIAL/PARALLEL SELECTION 


MODE CONTROL: SELECTABLE FUNCTIONS 


WARNING: When the PARALLEL-MODE is selected, the 
De-emphasis must be OFF (Pin 26 = L, Pin 27 = L), the 
Normal Mode must be selected (Pin 28 = H), and the MUTE 
must be OFF (Pin 5 = H). 


SERIAL-MODE CONTROL INPUT FORMAT (MODE: H, PIN 24) 







MODE 

FUNCTION MODE SELECTION 

MODE BY 


BO 

B1 

B2 

BITS 

FLAG 

MODE 

LH 

SELECTED FUNCITON 

RESET 





3 

DEEM2 





DEEM2 






4 

DEEM1 

Sampling Frequency 




0 

1 








for De-emphasis 


DEEM1 

0 


48kHz 

44.1kHz 









T1 

32kHz 

44.1kHz 

Mode 

H 

L 

L 

5 

HR 

De-emphasis 

L 

De-emphasis OFF 

0 

1 







H 

De-emphais ON 






6 

MUTE 

Mute 

L 

Mute OFF 

0 








H 

Mute ON 






7 

DSD 

Double Speed 

L 

Double-speed OFF 

0 








H 

Double-speed ON 






3 


Not Assigned 








4 

TST 

Test Mode 

H 

Normal "H” 

0 

Mode 

H 

L 

H 

5 

IW 

Input Resolution 

L 

16-Bit 

0 

2 







H 

20-Bit 






6 

LRPL 

Polarity for LRCI 

L 

Lch:high/Rch:low 

0 








H 

Lch:low/Rch:high 






7 

IIS 

Input Format 

L 

Normal 

0 








H 

IIS 



TABLE VII. Mode Controls in Serial Mode. 


FUNCTION 

SERIAL MODE 
(MODE = H) 

PARALLEL MODE 
(MODE = L) 

Input Data Format Selection 

0 

X(Normal Mode Fixed) 

Input Data Bit Selection 

0 

X(1 6-bit Fixed) 

Input LRCI Polarity Selection 

0 

X 

De-emphasis Control 

0 

0 

Mute 

0 

0 

Attenuation 

0 

X 

Double Speed Dubbing 

0 

0 

NOTE: 0: Selectable, X: Not Selectable. | 


TABLE IV. Selectable Functions in Serial Mode and Paral- 
lel Mode. 


PARALLEL-MODE: DOUBLE SPEED DUBBING 
CONTROL (MODE: L, PIN 24) 


DSD = H 

Normal Mode 

DSD = L 

Double Speed Dubbing Mode 

NOTE: When the Double-Speed Dubbing Mode is selected, the System 
Clock must be 384fs (CKSL: Pin 23 = H). 


TABLE VI. DSD (Pin 28). 


MODE = H 

Serial Mode 

MODE = L 

Parallel Mode 


TABLE III. Serial and Parallel Mode are Selectable by 
MODE Pin (Pin 24). 


PARALLEL-MODE: DE-EMPHASIS CONTROL 
(MODE: L, PIN 24) 


DM1 (Pin 26) 

DM2 (Pin 27) 

De-emphasis 

L 

L 

OFF 

H 

L 

32kHz 

L 

H 

48kHz 

H 

H 

44.1kHz 


TABLE V. De-emphasis (Pins 26 and 27). 


HH 
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SERIAL MODE CONTROL INPUT FORMAT (MODE: H, Pin 24) 


ATT Data 


i_r 

| D6 | D5 1 D4 | D3 | D2 | D1 | DO ] 


Mode 1 H | L | L | DEEM2 | DEEM1 | HR | MUTE | DSD | 

Mode 2 f T n_L_r”T^r TST | IW | LRPL | IIS 


BO 


B1 


B2 


B3 


B4 


B5 


B7 


NOTES: (1) Cycle Time for Mode Control — Cycle time for mode control must be set over 128 times of minimum system clock. (2) Attenuator Operation — 
ATT data D6 and DO are MSB and LSB, respectively. Attenuation level can be controlled using the following equation: 

Attenuation Level = 20 x LOG 10 (1-ATT_DATA/127) (dB). 

Only, in the case of ATT_DATA = 1 27, attenuation level become minus infinity. (3) Soft Mute Operation — Attenuation level gradually decreases to minus infinity 
from current level by muting turned-on and increased to previous level by muting turned-off. The signal is completely muted after 127/fs seconds. Mute pin must 
be set “H” or open for serial interface case. 


FIGURE 6. Mode Control Input Format, Serial Mode. 


SYSTEM CLOCK 

IN NORMAL/DOUBLE SPEED MODE 

The system clock frequency must be fixed at 16.9344MHz in 
both Normal and Double Speed Dubbing Mode. When the 
sampling frequency entered to LRCIN is named as “fs”, the 
selection of system clock is shown as the below table. 


PARAMETER 

ML/DSD (Pin 28) 1 

H (Normal) 

L (Double Speed) 

XTI Input Clock Frequency 

384fs 

192fs 

XTI Frequency 

16.9344MHz 
(fs = 44.1kHz) 

16.9344MHz 
(fs = 88.2kHz) 

CLKO Output Clock Frequency 

384fs 

192fs 


TABLE VIII. 


EXTERNAL SYSTEM CLOCK CONDITION 

An external clock (input to XT1), must meet the following 
conditions. 


HIGH LEVEL 

V |H > 0.64V dd 

T h > /0ns 

LOW LEVEL 

V |L < 0.28V dd 

T l > /0ns 


TABLE VIII. 




FIGURE 8. External System Clock. 


WARNING: If the external clock is removed and accompa- 
nied by a noise spike (as might be caused by a mechanical 
switch), the operation of the PCM1710 may stop. Operation 
can be recovered by cycling the power supply off and then on 
again. 

INFINITY ZERO DETECT 

The PCM 17 10 monitors the Input Data and Bit Clock. When 
the Input Data is continuously “zero” for 8192 cycles of the 
Bit Clock, the Infinity Zero Detect occurs and the DAC 
outputs are set to BPZ (1/2V CC ). 

When the Input Data is no longer “zero”, the Infinity Zero 
Detect is released. 
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BURR - BROWN 


PCM1712U 

ADVANCED INFORMATION 
SUBJECT TO CHANGE 


Dual Voltage Output CMOS Delta-Sigma 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 
With On-Chip Digital Filter 


FEATURES 


DESCRIPTION 


• DUAL MULTI-LEVEL NOISE SHAPING 
DAC WITH ON-CHIP DIGITAL FILTER 

• HIGH PERFORMANCE: 

THD+N: 0.0045% (-87dB) typ 
Dynamic Range: 91 dB typ 
S/N RATIO: 106dB typ 

• ANALOG VOLTAGE OUTPUT: 

V 0 = 3.10Vp-p 

• ON-CHIP ANALOG LOW PASS FILTER 

• JITTER TOUGH AND LOW RADIO- 
FREQUENCY INTERFERENCE 
ENERGY ARCHITECTURE 

• SYSTEM CLOCK 384fs 

• ON-CHIP 8X OVERSAMPLING DIGITAL 
FILTER WITH MULTI FUNCTIONS: 
Double Speed Dubbing Mode 

Soft Mute and Attenuator 
Digital De-Emphasis 

• SINGLE +5V POWER SUPPLY 
OPERATION 

• SMALL 28-PIN SOIC PACKAGE 


The PCM1712 is a low cost, dual voltage output 
CMOS digital-to-analog converter. Incorporated into 
the PCM1712 is a unique multi-level 3rd-order Delta- 
Sigma architecture that eliminates influence from in- 
put clock jitter and RF interference resulting in truly 
superior performance. 

The PCM1712 will accept 16-bit input data as well as 
normal/IIS (32BCK/fs, continuous 16-bit data) format 
data. 

The on-chip digital filter of the PCM1712 has -35dB 
stop band attenuation and ±0.1 7dB ripple in the pass 
band. 

The PCM 17 12 can be used in a wide variety of 
consumer audio applications. Its low cost, small size, 
and single +5V operation make it ideal for portable, 
automotive, CD players, BS tuners, music instru- 
ments, games, and other digital audio applications. 


Lch/Rch ATT Control 


I 



Mode Control System Clock 


International Airport Industrial Park • Mailing Address : PO Box 1 1 400 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • 


i = r= i 


• Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, and 16-bit data, SYSCLK = 384fs, unless otherwise noted. 




PCM1712U 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 


Bits 

DIGITAL INPUT/OUTPUT 

Logic Family 

Input Logic Level (except XTI) 






V , H 


2.0 



VDC 

V |L 




0.8 

VDC 

Input Logic Current (except XTI) 

1, 




200 

m-A 

Input Logic Level (XTI) 






V IH 


3.2 



VDC 

V, 

Input Logic Current (XTI) 




1.4 

VDC 

1, 

Output Logic Level (CLKO): 




±50 

liA 

V OH 


4.5 



VDC 

V 0L 

Output Logic Current 




0.2 

VDC 

l 0 


±10 



mA 

Data Format 


Normal/HS (see Timing) SELECTABLE 


Data Bit 


16-Bit/MSB First, Two’s Complements 


Sampling Frequency 


32 

44.1 

48 

kHz 

System Clock Frequency 

384fs 

12.288 

16.934 

18.432 

MHz 

DC ACCURACY 

Gain Error 



±5.0 


% of FSR 

Gain Mis-Match Channel-To-Channel 



±5.0 


% of FSR 

Bipolar Zero Error 

V Q = 1/2V CC at Bipolar Zero 


±20 


mV 

Gain Drift 


±50 


ppm of FSR/°C 

Bipolar Gain Drift 



±20 


ppm of FSR/°C 

DYNAMIC PERFORMANCE* 1 * 

THD+N at F/S (OdB) 

f IN = 991 Hz 


-87 


dB 

THD+N at -60fdB 

f IN = 991kHz 


-31 


dB 

Dynamic Range 

EIAJ A-weighted 


91 


dB 

S/N Ratio 

EIAJ A-weighted 


106 


dB 

Channel Separation 

f |N = 991 Hz 


90 


dB 

DIGITAL FILTER PERFORMANCE 

Pass Band Ripple* 1 ' 

Normal Mode 


±0.17 


dB 

Pass Band Ripple* 2 ' 

Double Speed Mode 


±0.23 


dB 

Stop Band Attenuation* 1 ' 

Normal Mode 


-36 


dB 

Stop Band Attenuation* 2 ' 

Double Speed Mode 


-35 


dB 

Pass Band* 1 ' 

Normal Mode 


0.4535 


fs 

Pass Band* 2 ' 

Double Speed Mode 


0.4535 


fs 

Stop Band* 1 ' 

Normal Mode 


0.5465 


fs 

Stop Band* 2 ' 

Double Speed Mode 


0.5465 


fs 

De-emphasis Error 

(fs 32kHz ~ 48kHz) 

-0.2 


+0.55 

dB 

ANALOG OUTPUT 

Voltage Range 

F/S(OdB)OUT 


3.10 


Vp-p 

Load Impedance 


5K 



Q 

Center Voltage 



+1/2V CC 


V 

POWER SUPPLY REQUIREMENTS 

Voltage Range: +V CC 


+4.5 

+5.0 

+5.5 

VDC 

+V DD 


+4.5 

+5.0 

+5.5 

VDC 

Supply Current +I CC +I D0 

+V CC = +V DD = +5.0V 


45 


mA 

Power Dissipation 

+ V CC - +V DD = +5.0V 


225 


mW 

TEMPERATURE RANGE 

Operation 


-25 


+85 

°C 

Storage 


-55 


+100 

°C 


NOTE: (1) Meter 400Hz HPF, 30kHz LPF On, Average Mode. (2)?? 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN 

NAME 

FUNCTION 

1 

LRCIN 

Sample Rate Clock Input (fs) 

2 

DIN 

Data Input 

3 

BCKIN 

Bit Clock Input 

4 

CLKO 

Buffered Output of Oscillator 

5 

XTI 

Oscillator Input (External Clock Input) 

6 

XTO 

Oscillator Output 

7 

DGND 

Digital Ground 

8 

v DD 

Digital Power Supply (+5V) 

9 

V CC 2R 

Analog (DAC) +V CC> Rch 

10 

AGND2R 

Analog (DAC) Ground, Rch 

11 

EXT1R 

Output Amp Common, Rch 

12 

EXT2R 

Output Amp Bias, Rch 

13 

Vout^ 

Rch Analog Output 

14 

AGND 

Analog Ground 


PIN CONFIGURATION 


PIN 

NAME 

FUNCTION 

15 

Vcc 

Analog Power Supply (+5V) 

16 

VourL 

Lch Analog Output 

17 

EXT2L 

Output Amp Bias, Lch 

18 

EXT1L 

Output Amp Common, Lch 

19 

AGND2L 

Analog (DAC) Ground, Lch 

20 

V c C 2L 

Analog (DAC) +V CC , Lch 

21 

V DD 

Digital Power Supply, (+5V) 

22 

DGND 

Digital Ground 

23 

NC 

No Connection 

24 

MODE 

Operation Mode Select, (H: Serial, L: Parallel) 

25 

MUTE 

Mute Control (H.OFF, L:ON) 

26 

MD/DM1 

Mode Control, Data/De-emphasis selection 

27 

MC/DM2 

Mode Control, BCK/De-emphasis selection 

28 

ML/DSD 

Mode Control, WDCK/Double speed selection 


NOTE: (1) XTO (Pin 6) must be open when the external clock enter to XTI 
(Pin 5). (2) All input pins require pull up resistors. 



CM 

T - 

2 

O 

Q. 
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CONNECTION DIAGRAM 


DAC Rch OUT 
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DATA INPUT TIMING 



FIGURE I. Normal Format, 16-Bit (LRCIN H: Lch). 



FIGURE 2 . IIS Format, 16-Bit (32 BCKIN/fs, continuous data). 
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BCK Pulsewidth (H Level) 

^BCWH 

70ns (min) 

BCK Pulsewidth (L Level 

^BCWL 

70ns (min) 

BCK Pulse Cycle Time 

^BCY 

140ns (min) 

DIN Setup Time 

*DS 

30ns (min) 

DIN Hold Time 

Lh 

30ns (min) 

BCK Rising Edge -* LRCI Edge 

^BL 

30ns (min) 

LRC 1 Edge -> BCK Rising Edge 

f.B 

30ns (min) 


TABLE I. Data Input Timing Specifications. 



MC Pulsewidth (H Level) 

Imcwh 

50ns (min) 

MC Pulsewidth (L Level) 

^MCWL 

50ns (min) 

MC Pulse Cycle Time 

t|VICY 

100ns (min) 

MD Setup Time 

^MS 

30ns (min) 

MD Hold Time 

^MH 

30ns (min) 

ML Setup Time 

Ws 

30ns (min) 

ML Hold Time 

^MCH 

30ns (min) 

ML Low-Level Time 

Wy 

1/sysclk + 20ns (min) 


TABLE II. Serial Mode Control Timing Specifications. 
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TYPICAL PERFORMANCE CURVES 


All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, f SYS = 384/256fs, and 16-bit data, unless otherwise noted. 


DIGITAL FILTER 


FREQUENCY RESPONSE 



Frequency (Hz) 


FREQUENCY RESPONSE 



FREQUENCY RESPONSE 



Frequency (Hz) 



0 


5k 


10k 


15k 20k 25k 30k 35k 

Frequency (Hz) 


FREQUENCY RESPONSE 



Frequency (Hz) 



0 5k 10k 15k 20k 25k 

Frequency (Hz) 


mm 
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TYPICAL PERFORMANCE CURVES (CONT) 

All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, f SYS = 384/256fs, and 16-bit data, unless otherwise noted. 

ANALOG FILTER 


SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 



SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 
(10Hz~10MHz) 



20 

100 

Ik 

10k 24k 

10 

100 

Ik 10k 1 



Frequency (Hz) 




Frequency (Hz) 
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MODE CONTROL FUNCTION 

The digital functions of PCM 17 12 are capable of Parallel 
Mode and Serial Mode. Control functions of both modes are 
shown below. 

MODE CONTROL: SERIAL/PARALLEL SELECTION 


MODE CONTROL: SELECTABLE FUNCTIONS 


FUNCTION 

SERIAL MODE 
(MODE = H) 

PARALLEL MODE 
(MODE = L) 

Input Data Format Selection 
Input Data Bit Selection 

Input LRCI Polarity Selection 
De-emphasis Control 

Mute 

Attenuation 

Double Speed Dubbing 

0 

X( 16-bit Fixed) 

0 

0 

0 

0 

0 

X(Normal Mode Fixed) 
X( 16-bit Fixed) 

X 

0 

0 

X 

0 

NOTE: 0: Selectable, X: Not Selectable. ■ 


TABLE IV. Selectable Functions in Serial Mode and Paral- 
lel Mode. 


PARALLEL-MODE: DOUBLE SPEED DUBBING 
CONTROL (MODE: L, PIN 28) 


DSD = H 

Normal Mode 

DSD = L 

Double Speed Dubbing Mode 


TABLE VI. DSD (Pin 28). 


MODE = H 

Serial Mode 

MODE = L 

Parallel Mode 


TABLE III. Serial and Parallel Mode are Selectable by 
MODE Pin (Pin 24). 


PARALLEL-MODE: DE-EMPHASIS CONTROL 
(MODE: L, PIN 24) 


DM1 (Pin 26) 

DM2 (Pin 27) 

De-emphasis 

L 

L 

OFF 

H 

L 

32kHz 

L 

H 

48kHz 

H 

H 

44.1kHz 


TABLE V. De-emphasis (Pins 26 and 27). 


SERIAL-MODE CONTROL INPUT FORMAT (MODE: H, PIN 24) 







MODE 

FUNCTION MODE SELECTION 

MODE BY 


BO 

B1 

B2 

BITS 

FLAG 

MODE 

LH 

SELECTED FUNCTION 

RESET 





3 

DEEM2 





DEEM2 






4 

DEEM1 

Sampling Frequency 




0 

1 








for De-emphasis 


DEEM1 

0 


48kHz 

44.1kHz 










1 

32kHz 

44.1kHz 

Mode 

H 

L 

L 

5 

HR 

De-emphasis 

L 

De-emphasis OFF 

0 

1 







H 

De-emphasis ON 






6 

MUTE 

Mute 

L 

Mute OFF 

0 








H 

Mute ON 






7 

DSD 

Double Speed 

L 

Double-speed OFF 

0 








H 

Double-speed ON 






3 


Not Assigned 








4 

TST 

Test Mode 

H 

Normal “H” 

H 

Mode 

H 

L 

H 

5 


Not Assigned 




2 














6 

LRPL 

Polarity for LRCI 

L 

Lch:high/Rch:low 

0 








H 

Lch:low/Rch:high 






7 

IIS 

Input Format 

L 

Normal 

0 








H 

IIS 



TABLE VII. Mode Controls in Serial Mode. 
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ATT Data L 


Mode 1 H 


Mode 2 H 


D5 D4 D3 D2 


L DEEM2 DEEM1 HR 


D1 DO 


MUTE DSD 


LRPL IIS 


B2 B3 B4 B5 


B6 B7 


NOTE: (1) Cycle Time for Mode Control: Cycle time for mode control must be set over 192 times of minimum system clock. (2) Attenuator Operation: ATT data 
D6 and DO are MSB and LSB, respectively. Attenuation level can be controlled using the following equation; Attenuation Level = 20 x LOG 10 (1-ATT DATA/ 
127) (dB). Only, in the case of ATT DATA = 127, attenuation level becomes minus infinity. (3) Soft Mute Operation: Attenuation level gradually decreased to 
minus infinity from current level by muting turned-on and increased to previous level by muting turned-off. The signal is completely muted after 127/fs seconds. 
Mute pin must be set “H” or open for serial interface case. (4) Infinity-Zero Detection: The PCM1 71 2 has infinity-zero detect function. Internal detector is counting 
number of bit clock with infinity-zero data, if continue 8192 bit clock with infinity-zero data, output of DAC will be set Bipolar Zero (1/2 V cc ). 


FIGURE 5. Mode Control Input Format, Serial Mode. 

OPERATION INSTRUCTION FOR SYSTEM CLOCK 


T h > 1 0ns 
T l < 10ns 



In case of system clock inputs to XTI from external, system clock should 
be input with the following condition. 


FIGURE 6. Mode Control Input Format, Serial Mode. 

SYSTEM CLOCK 

IN NORMAL/DOUBLE SPEED MODE 

The system clock frequency must be fixed at 16.9344MHz in 
both Normal and Double Speed Dubbing Mode. When the 
sampling frequency entered to LRCIN is named as “fs”, the 
selection of system clock is shown as the below table. 



FIGURE 7. External Crystal Oscillator. 



XTI Input Clock Frequency 
XTI Frequency 


CLKO Output Clock Frequency 


DSD 

H (Normal) I L (Double Speed) 


16.9344MHz 16.9344MHz 

(fs = 44.1kHz) (fs = 88.2kHz) 


TABLE VIII. 


FIGURE 8. External System Clock. 


8 . 2.134 


Burr-Brown IC Data Book — Data Conversion Products 













Or, Call Custom Service at 1-800-548-6132 (USA Only) 



PCM1714U 


ADVANCED INFORMATION 
SUBJECT TO CHANGE 

Dual Voltage Output, CMOS Delta-Sigma 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• NEW MULTI-LEVEL NOISE-SHAPING 
ARCHITECTURE 

• HIGH PERFORMANCE: 

THD+N: 0.0015% typ 
S/N RATIO: 104dB typ 
DYNAMIC RANGE: 102dB typ 

• DUAL CO-PHASE ANALOG VOLTAGE 
OUTPUT: 2.8Vp-p 

• SELECTABLE 18-BIT/20-BIT INTERFACE 

• VERSATILE SYSTEM CLOCK 

• TTL LEVEL INPUT INTERFACE 

• 5V SINGLE POWER SUPPLY 

• LOW POWER DISSIPATION 

• SMALL 20-PIN SOIC PACKAGE 


DESCRIPTION 

The PCM1714U is dual voltage output CMOS Delta- 
Sigma high performance DAC which is combined with 
a new Multi-Level Noise- shaping architecture and 
voltage output amplifier. 

This new architecture and internal output amplifier in 
the PCM1714U provides a clean analog output signal 
with lower jitter and lower RFI sensitivity than the 
typical 1-bit DAC. 

The PCM1714U accepts 18-bit or 20-bit, MSB first, 
serial data (Lch/Rch parallel). The PCM1714U does 
not use forced mute by zero detection which is used 
by typical 1-bit DAC. The PCM1714U offers very low 
noise and linear D/A conversion in demanding situa- 
tions such as fade out signal on electronic piano or 
music instruments. 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C, +Vp C = +V DD = +5V, fs = 44.1kHz, 20-bit data, SYSCLK = 256fs, unless otherwise noted. 




PCM1714U 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


18 


20 

Bits 

DIGITAL INPUT/OUTPUT 

Input Logic Level (except XTI) 






V IH 


2.0 



VDC 





+0.8 

VDC 

Input Logic Current (except XTI) 
li 




-200 

pA 

Input Logic Level (XTI) 






V, H 


3.2 



VDC 

V IL 

Input Logic Current (XTI) 




1.4 

VDC 

I| 

Output Logic Level (CLKO) 




±50 

pA 

V 0H 


4.5 



VDC 

v 0L 




0.2 

VDC 

Output Logic Current: l 0 


±10 



mA 

Data Bit 


1 8-Bit/20-Bit Selectable 


Sampling Frequency 


1 

44.1 


kHz 

System Clock Frequency 


100k 

11.2896M 

20M 

Hz 

DC ACCURACY 

Gain Error 



±1.0 

±5.0 

% of FSR 

Gain Mis-match Channel-to-Channel 



±1.0 

±5.0 

% of FSR 

Bipolar Zero Error 

V Q = 1/2 V cc at Bipolar Zero 


±20 


mV 

Gain Drift 



±50 


ppm of FSR/°C 

Bipolar Zero Drift 



±20 


ppm of FSR/°C 

DYNAMIC PERFORMANCE 

Effective Bandwidth 



SYSCLK/564 


Hz 

THD+N at F/S (OdB) 

f 1N = 991Hz 


-96 


dB 

Dynamic Range 

EIAJ A-weighted 


102 


dB 

S/N Ratio 

EIAJ A-weighted 


104 


dB 

Channel Separation 

f IN = 991 Hz 


94 


dB 

ANALOG OUTPUT 

Voltage Range 

F/S (OdB) OUT 


2.8 


Vp-p 

Load Impedance 


5k 



Q 

Center Voltage 



±1/2 V cc 


V 

POWER SUPPLY REQUIREMENTS 

Voltage Range: +V CC 


+4.5 

+5.0 

+5.5 

VDC 

~v DD 


+4.5 

+5.0 

+5.5 

VDC 

Supply Current: +l cc — l DD 

+V CC = +V DD = +5.0 V 


25 


mA 

Power Dissipation 

+V CC = +V DD = +5.0V 


125 


mW 

TEMPERATURE RANGE 

Operation 


-25 


+85 

°C 

Storage 


-55 


+100 

°C 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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CONNECTION DIAGRAM 


5V 5V 



PIN ASSIGNMENTS 


IBM 

NAME 

FUNCTION 

i 

DINL 

Data Input, Lch 

2 

DINR 

Data Input, Rch 

3 

BCK 

Bit Clock Input 

4 

WDCK 

Word Clock Input 

5 

Vdd 

Digital Power Supply (+5V) 

6 

DGND 

Digital Ground 

7 

XTI 

Oscillator Input (External Clock Input) 

8 

XTO 

Oscillator Output 

9 

CLKO 

Buffered Output of Oscillator 

10 

WD SEL 

Word Select Input (18-Bit/20-Bit) 

11 

V CC 2R 

Analog (DAC) Power Supply (+5V), Rch 

12 

GND2R 

Analog (DAC) Ground, Rch 

13 

D/C R 

Decoupling, Rch 

14 

VoutR 

Rch Analog Output 

15 

GND1 

Analog Ground 

16 

v cc i 

Analog Power Supply (+5V) 

17 

VqutL 

Lch Analog Output 

18 

D/CL 

De Coupling, Lch 

19 

GND2L 

Analog (DAC) Ground, Lch 

20 

V CC 2L 

Analog (DAC) Power Supply (+5V), Lch 


NOTES: (1) XTO (Pin 8) must be open when the external clock enter to XTI 
(Pin 7). (2) All input pins are with pull up resistor. 


PACKAGE INFORMATIONS) 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM1714U 

20-Pin SOIC 

248 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


IMP1 
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FIGURE 1 . System Clock Frequency. 

TIMING DIAGRAM 



INPUT TIMING CONDITIONS 


fs: 32kHz - 48kHz 

n: Integer 1 - 8 (capable from 1 fs to 8fs input) 

SYSCLK: 8 m • nfs (fmax 20MHz) 
m: Integer 

BCK: More than number of input data bit (fmax 10MHz) 

DINL (R): 18-Bit or 20-Bit MSB first, right justified 

Example 1 : fs = 44.1kHz input 

SYSCLK = 8m • fs 

if m = 48, then SYSCLK is calculated as SYCSLK = 8 x 48 x fs = 384fs 

= 16.934MHz 

if m = 32, then SYSCLK is calculated as SYCSLK = 8 x 32 x fs = 256fs 

= 11.2896MHz 

In above conditions, PCM1714 can be operated with both 384fs or 256fs, or any other system clock which will keep above timing conditions. 

Example 2: 8 time over sampling (8fs) input 

SYSCLK = 8m • 8fs 

if m = 6, then SYSCLK is calculated as SYCSLK = 8 x 6 x 8fs = 384fs 

= 16.9344MHz 

if m = 8, then SYSCLK is calculated as SYCSLK = 8 x 8 x 8fs = 512fs 

= 22.579MHz 

In above conditions, PCM1714 can be operated with both 384fs but not 512fs since the system clock frequency at 512fs will exceed the max conditions of 
PCM1714 system clock (20MHz). 


NOTE: SYSCLK > 256fs is recommended to obtain optimized SNR performance. See Figure 1 for the relation of SYSCLK vs SNR. 
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PCM1715U 


Dual Voltage Output CMOS Delta-Sigma 
DIGITAL-TO-ANALOG CONVERTER 
With On-Chip Digital Filter 


FEATURES 


• DUAL MULTI-LEVEL NOISE SHAPING 
DAC WITH ON-CHIP DIGITAL FILTER 

• HIGH PERFORMANCE: 

THD+N: 0.0025% (-92dB) typ 
Dynamic Range: 98dB typ 
S/N RATIO: IIOdB typ 

• ANALOG VOLTAGE OUTPUT: 

V 0 = 3.2Vp-p 

• ON-CHIP ANALOG LOW PASS FILTER 

• JITTER TOUGH AND LOW RADIO 
FREQUENCY INTERFERENCE ENERGY 
ARCHITECTURE 

• SYSTEM CLOCK 256fs or 384fs 

• ON-CHIP 8X OVERSAMPLING DIGITAL 
FILTER WITH: 

Lch/Rch Individual Attentuator 
Control 

Digital De-Emphasis (44.1kHz) 

Analog Output Mode Select 

• SINGLE +5V POWER SUPPLY 
OPERATION 

• SMALL 28-PIN SOIC PACKAGE 


DESCRIPTION 

The PCM 17 15 is a low cost, dual voltage output 
CMOS digital-to-analog converter. Incorporated into 
the PCM 17 15 is a unique multi-level 4th-order delta- 
sigma architecture that eliminates influence from in- 
put clock jitter and RF interferance resulting in truly 
superior performance. 

The PCM 17 15 has individual channel attenuator and 
analog output mode select function which is suitable 
for CD-ROM application. 

The on-chip digital filter of the PCM 17 15 has -62dB 
stop band attenuation and ±0.008dB ripple in the pass 
band. 

The PCM 17 15 can be used in a wide variety of 
consumer audio applications. Its low cost, small size, 
and single +5V operation make it ideal for portable, 
automotive, CD players, CD-I, CD-ROM, VIDEO- 
CD, tuners, music instruments, and other digital audio 
applications. 


i 


Lch/Rch ATT Control 


Input Interface 
and 

Attentuator 


Oversampling 
Digital Filter 


4th-Order 

Multi-Level 

Delta- 

Sigma 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, SYSCLK = 384fs/256fs, and 16-bit data, unless otherwise noted. 




PCM1715U 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 


Bits 

DIGITAL INPUT 

Logic Family 

Input Logic Level (except XTi) 






V IH 


2.0 



VDC 

V ,L 




0.8 

VDC 

Input Logic Current (except XTi) 

Input Logic Level (XTi) 




-200 

pA 

V I H 


3.2 



VDC 

V 1L 




1.4 

VDC 

Input Logic Current (XTi) 

Output Logic Level (CLKO): 




±50 

pA 

V 0H 


4.5 



VDC 

V OL 




0.5 

VDC 

Output Logic Current (CLKO) 


±10 



mA 

Data Format 


MSB First, Two’s Complement 


Sampling Frequency 



44.1 


kHz 

System Clock Frequency 

384fs 


16.934 


MHz 

System Clock Frequency 

256fs 


1 1 .2894 


MHz 

DC ACCURACY 

Gain Error 



±1.0 

±5.0 

% of FSR 

Gain Mis-Match Channel-To-Channel 



±1.0 

±5.0 

% of FSR 

Bipolar Zero Error 

V Q = 1/2V CC at Bipolar Zero 


±20.0 


mV 

Gain Drift 



±50 


ppm of FSR/°C 

Bipolar Gain Drift 



±20 


ppm of FSR/°C 

DYNAMIC PERFORMANCE 

THD+N at F/S (OdB)* 1 ' 

f IN = 991 Hz 


-92 

-88 

dB 

THD+N at -eOdB^ 

f IN = 991 Hz 


-36 

-32 

dB 

Dynamic Range 

EIAJ A-weighted 


98 


dB 

S/N Ratio 

EIAJ A-weighted 

104 

110 


dB 

Channel Separation 

f |N = 991 Hz 

90 

94 


dB 

DIGITAL FILTER PERFORMANCE 

Pass Band Ripple 




±0.008 

dB 

Stop Band Attenuation 


-62 



dB 

Pass Band 



0.4535 


fs 

Stop Band 



0.5465 


fs 

De-emphasis Error 

(fs = 44.1kHz) 



+0.03 

dB 

ANALOG OUTPUT 

Voltage Range 

fs (OdB) OUT 


3.2 


Vp-p 

Load Impedance 


5 



kQ 

Center Voltage 



+1/2V CC 


V 

POWER SUPPLY REQUIREMENTS 

Voltage Range: +V CC 


+4.5 

+5.0 

+5.5 

VDC 

+V DD 


+4.5 

+5.0 

+5.5 

VDC 

Supply Current +I CC +I DD 

+V CC = +V DD = +5.0V 


45 

70 

mA 

Power Dissipation 

+V CC = +V dd = + 5.0V 


225 

350 

mW 

TEMPERATURE RANGE 

Operation 


-25 


+85 

°C 

Storage 


-55 


+100 

°C 


NOTE: (1) 30kHz LPF, 400Hz HPF, Average Mode. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATION 



PIN ASSIGNMENTS 


PIN 

NAME 

FUNCTION 

1 

LRCIN 

Sample Rate Clock Input (fs) 

2 

DIN 

Data Input 

3 

BCKIN 

Bit Clock Input 

4 

CLKO 

Buffered Output of Oscillator 

5 

XTI 

Oscillator Input (External Clock Input) 

6 

XTO 

Oscillator Output 

7 

DGND 

Digital Ground 

8 

v DD 

Digital Power Supply (+5V) 

9 

V C c2R 

Analog (DAC) +V CC , Rch 

10 

AGND2R 

Analog (DAC) Ground, Rch 

11 

EXT1R 

Output Amp Common, Rch 

12 

EXT2R 

Output Amp Bias, Rch 

13 

V OUI R 

Rch Analog Output 

14 

AGND 

Analog Ground 


PIN 

NAME 

FUNCTION 

15 

V cc1 

Analog Power Supply (+5V) 

16 

VourL 

Lch Analog Output 

17 

EXT2L 

Output Amp Bias, Lch 

18 

EXT1L 

Output Amp Common, Lch 

19 

AGND2L 

Analog (DAC) Ground, Lch 

20 

V CC 2L 

Analog (DAC) +V CC , Lch 

21 

v DD 

Digital Power Supply, (+5V) 

22 

DGND 

Digital Ground 

23 

CKSL 

System Clock Select (H:384fs, L:256fs) 

24 

NC 

No Connection 1 

25 

RSTB 

Reset 1 

26 

MD 

Mode Control 1 

27 

MC 

Mode Control, BCK [ 

28 

ML 

Mode Control, WDCK | 


NOTE: All input pins require pull up resistors. 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage ±6.5VDC 

+V CC to V DD Voltage ±0.1 V 

Input Logic Voltage -0.3V ~ V 0D +0.3V 

Power Dissipation 400mW 

Operating Temperature -25°C to +85°C 

Storage Temperature -55°C to +125°C 

Lead Temperature (soldering, 5s) +260°C 


PACKAGE INFORMATION* 1 * 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

PCM1715U 

28-Pin SOIC 

217-4J 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 
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THD+N (%) 


For Immediate Assistance, Contact Your Local Salesperson 

CONNECTION DIAGRAM 



TYPICAL PERFORMANCE CURVES 

All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, SYSCLK = 384fs/256fs, and 16-bit data, unless otherwise noted. 


THD+N vs TEMPERATURE (Full Scale Output) 

0.005 

0.004 

0.003 

0.002 

0.001 

-25 0 25 50 75 100 



Temperaure (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

All specifications at +25°C, +V CC = +V DD = +5V, fs = 44.1kHz, SYSCLK = 384fs/256fs, and 16-bit data, unless otherwise noted. 


OVERALL FREQUENCY CHARACTERISTIC 

0 

-20 
-40 


-80 
-100 
-120 
-140 

0 20 40 60 80 100 120 140 160 

Frequency (kHz) 


(De-Emphasis: OFF) 



— 

V 



PASSBAND RIPPLE FREQUENCY CHARACTERISTIC 
(De-Emphasis: OFF) 

-0.03 

-0.035 

“ -0.04 

-0.045 

-0.05 



0 5 10 15 20 

Frequency (kHz) 



0 10k 20k 30k 40k 50k 

Frequency (Hz) 


SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 
(20Hz~24kHz, Expanded Scale) 



20 100 Ik 

Frequency (Hz) 


10k 


SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 



10 100 Ik 10k 100k 1 M 10M 


Frequency (Hz) 


OUTPUT WAVE FORM FULL SCALE SIGNAL 
(Without External Filter) 

CHI k- U0LTS *1 

3.87U - 

>s 

' X 

A 

\ t 

w 

!*■ cOzL 

f \ 

XU- 

Z .2'! 


NOTES: (1) Measured at V 0UT Pin (Pin 13 or 16). 
(2) The PCM1715 has internal analog low pass 
filter to reduce high frequency noise-shaped spec- 
trum. Application of the PCM1 71 5 requires external 
post analog low pass filter which has 2nd-Order or 
3rd-Order attenuation performance to get low noise 
analog output. 
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THEORY OF 

DELTA-SIGMA OPERATION 

The delta-sigma section of the PCM 17 15 is based on a 5- 
level amplitude quantizer and a 4th-order filter. This con- 
verts the oversampled 16-bit input data to 5-level delta- 
sigma form. A block diagram of the 5-level modulator is 
shown in Figure 1. 



FIGURE 1 . Block Diagram of 5-Level Delta-Sigma Quan- 
tizer. 


This 5-level delta-sigma modulator has the advantage of 
stability of delta- sigma loop and jitter sensitivity over the 
typical 1-bit (2-level) delta-sigma modulator. 

The combined oversampling rate of the delta-sigma modu- 
lator and the internal 8x oversampling digital filter is 48fs at 
a system clock speed of 384fs, 32fs at a system clock speed 
of 256fs. 


A block diagram of the 4th-order filter section Hf(z) in the 
delta-sigma modulator is shown in Figure 2. 

In general, high order 1-bit delta-sigma modulators have 
disadvantages due to loop instability. The 5 level delta- 
sigma modulator of the PCM 17 15 uses phase compensation 
techniques to obtain stable operation. In Figure 2, the coef- 
ficients, bl to b4, give the basic form of the filter and -al 
and -a2 are used for phase compensation of the feedback 
loop. 

The theoretical quantization noise performance of the 5- 
level delta-sigma modulator is shown in Figures 3 and 4. In 
the audio band, the quantization noise floor level of the 
PCM1715 is less than -130dB (384fs). 

MODE OF OPERATION 

Serial inputs to MD, MC, and ML (Pins 26, 27 and 28) 
control the following functions: 

(1) Digital Attenuator [ALO ~ AL7, ARO ~ AR7] 

Attenuation data is constructed by 8-bit/Lch, 8-bit/Rch 
(total 16-bit), can be controlled as 255 step attenuation 
by individual channel. ALO and ARO are LSB, and AL7 
and AR7 are MSB. Attenuation Level ATT is given by: 

ATT = 20LOG 10 (ATT DATA/255) [dB] 



FIGURE 2. Block Diagram of the Hf(z). 



FIGURE 3. Quantization Noise Spectrum (256fs). FIGURE 4. Quantization Noise Spectrum (384fs). 
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At ATT DATA: OXFF, output is OdB. At ATT DATA 
OXOO, output is - 00 . 

When “Muting” is chosen by output mode control, out- 
put goes to -00 from the present ATT level. 

Moving speed from OdB to -00 is 1024/f. 

Initialized (RESET) ATT level is OdB. 

(2) Versatile Output Mode [PLO ~ PL3] 

By using PLO ~ PL3 data, up to 16 different output 
modes (Lch/Rch/L+R/MUTE) can be selected to the 
output of Lch and Rch, as shown in Table I. 

Initialized mode is STEREO mode. 

(3) De-emphasis Control (DEM) 

De-emphasis function is controlled by DEM flag (H: 
ON, L: OFF) 

De-emphasis is enabled only at 44.1kHzfs. At other fs 
frequencies, de-emphasis error is not guaranteed. Initial- 
ized mode is De-emphasis OFF. 

(4) Attenuator Control (ATC) 

If common attenuator control of Lch and Rch is needed, 
use the ATC flag (ATC = “H”). Common attenuation can 
be controlled by Lch (ALO ~ AL7) data. Initialized mode 
is individual. 

(5) Infinity-Zero Detection 

The PCM1715 has an infinity-zero detect function which 
monitors the input data and bit clock. When the input 


PLO 

PL1 

PL2 

PL3 

Lch 

OUTPUT 

Rch 

OUTPUT 

NOTE 

0 

0 

0 

0 

MUTE 

MUTE 

MUTE 

0 

0 

0 

1 

MUTE 

R 


0 

0 

1 

0 

MUTE 

L 


0 

0 

1 

1 

MUTE 

(L + R)/2 


0 

1 

0 

0 

R 

MUTE 


0 

1 

0 

1 

R 

R 


0 

1 

1 

0 

R 

L 

REVERSE 

0 

1 

1 

1 

R 

(L + R)/2 


1 

0 

0 1 

0 

L 

MUTE 


1 

0 

0 

1 

L 

R 

STEREO 

1 

0 

1 

0 

L 

L 


1 

0 

1 

1 

L 

(L + R)/2 


1 

1 

0 

0 

(L + R)/2 

MUTE 


1 

1 

0 

1 

(L + R)/2 

R 


1 

1 

1 

0 

(L + R)/2 

L 


1 

1 

1 

1 

(L + R)/2 

(L + R)/2 

MONO 


TABLE I. PCM 17 15 Output Mode Control. 


data is continuously “zero” for 8192 cycles of the bit 
clock, the infinity zero detect occurs and the DAC 
outputs are set to bipolar zero (1/2V CC ). 

(6) Reset 

Normally, internal initialize (reset) is done automatically 
at power on (V DD > 3.5V). The RSTB-pin (Pin 25) 
accepts external forced reset by RSTB=L. During 
RSTB=L, the output of the DAC is invalid, set to 1/2V CC 
after internal initialize (1024XTI clock count after 
RSTB=H). 


MODE CONTROL FORMAT 



U 


i mu a 
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1 

Left-channel Data ► 

MSB LSB 

f/s 

— Right-channel Data ► 

MSB LSB 

DIN | | 

\ I'Ll | 14 | 15 | 16 1 

1 1 1 2 1 M 15 l 16 

BCKIN XT 

LRCIN 

II III 

_nn nruir 

n_n muir 





FIGURE 5. Data Input Timing, 16-Bit. 



BCK Pulsewidth (H Level) 

^BCWH 

70ns (min) 

BCK Pulsewidth (L Level 

Lcwl 

70ns (min) 

BCK Pulse Cycle Time 

^BCY 

140ns (min) 

DIN Setup Time 

tps 

30ns (min) 

DIN Hold Time 

t D H 

30ns (min) 

BCK Rising Edge -> LRCI Edge 

w 

30ns (min) 

LRCI Edge -* BCK Rising Edge 

t LB 

30ns (min) 


TABLE II. Data Input Timing Specifications. 



MC Pulsewidth (H Level) 

Imcwh 

50ns (min) 

MC Pulsewidth (L Level) 

WwL 

50ns (min) 

MC Pulse Cycle Time 

twiCY 

100ns (min) 

MD Setup Time 

t M S 

30ns (min) 

MD Hold Time 

Lh 

30ns (min) 

ML Setup Time 

Lcs 

30ns (min) 

ML Hold Time 

Lch 

30ns (min) 

ML Low-Level Time 

^MLY 

1/sysclk + 20ns (min) 


TABLE III. Serial Mode Control Timing Specifications. 
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FIGURE 8. Operation Instruction For System Clock. 



FIGURE 9. Oscillator Circuit Connection Diagram. Op- FIGURE 10. Oscillator Circuit Connection Diagram. Exter- 
tional external crystal oscillator. nal system clock. 


EVALUATION BOARD 

Burr-Brown’s DEM-PCM1710 evaluation board for the 
PCM 17 10 is capable of evalution of the PCM 17 15 and 
PCM 17 10. Digital input signals for the evaluation board are 
LRCK, BCK, DATA, and system clock (256fs or 384fs). 
Power supply requirement is only +5V. 

The DEM-PCM1710 has a pattern layout for an optional 
crystal oscillator. However, the crystal is not installed. 
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Dual Channel, 8x Oversampling 
DIGITAL FILTER 


FEATURES 

• DUAL CHANNEL DIGITAL 
INTERPOLATION FILTERS 

• ACCEPTS 16-BIT INPUT DATA 

• USER-SELECTABLE FOR 16-, 18-, OR 
20-BIT OUTPUT DATA 

• SERIAL OUTPUT IS COMPATIBLE WITH 
PCM1700 AND PCM63 DACs 

• PASSBAND RIPPLE < 0.00005dB 

• STOPBAND ATTENUATION > IIOdB 

• SINGLE +5V POWER SUPPLY FOR LOW 
POWER DISSIPATION OF 250mW Max 

• PLASTIC 28-PIN DIP AND 40-PIN SOIC 
PACKAGES 


DESCRIPTION 

The DF 1700 is a high performance, 8x oversampling 
CMOS digital filter. This filter accepts 16-bit input 
data and is user-selectable for 16-, 18-, or 20-bit 
output data. The 8x oversampling feature converts the 
input data frequency (fs) to an output data frequency 
of 8 X fs by digital interpolation. By providing 8x 
oversampled data to an audio DAC, lower order ana- 
log filters can be used at the DAC’s output, thus 
reducing filter phase non-linearities. Oversampling 
with the DF1700 simultaneously improves the fidelity 
of the analog reconstruction and reduces analog filter 
complexity at the output of the DAC. 

The DF1700 is available in a plastic 28-pin DIP and a 
40-pin SOIC package, and is designed for compatibil- 
ity with the Burr-Brown PCM 1700 and PCM63 digi- 
tal-to-analog converters. 



DG BCKO WCKO DOL DOR 
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PIN DESCRIPTION 


Top View DIP 


E 

w 


28~| 

DIN 

LRCI 

a 

BCKI 

FSCO 

1 

Q 

CKSL 

BCKO 

0 


CKDV 

WCKO 

m 

m 

NC 

DOL 

z 

B 

XTI 

DOR 

§ 

D 

XTO 

v DD 


Z 

v ssi 

V SS2 

I 

B 

CKO 

DG 


B 

SYN 

NC 

B 

B 

NC 

NC 

B 

B 

NC 

OW18 

i 

B 

NC 

OW20 

B 

E 

RST 

COB 




PIN NUMBER 


Bl 


SOIC 

DIP 



DESCRIPTION 

1 

_ 

NC 

_ 


2 

- 

NC 

- 


3 

- 

NC 

- 


4 

9 

CKO 

0 

Clock output (same frequency as XTI 
input clock). 

5 

- 

NC 

- 


6 

- 

NC 

- 


7 

10 

SYN 

i 

H: Free-running mode; 

L: Forced synchronizing mode. 

8 

11 

NC 

- 


9 

12 

NC 

- 


10 

13 

NC 

- 


11 

14 

RST 

i 

H: Normal operation; L: System reset. 

12 

15 

COB 

i 

Select output data format— 

H: Two’s complement; 

L: Complemented offset binary (COB). 

13 

16 

OW20 

i 

Select number of output data bits. (2) 

14 

17 

OW18 

i 

Select number of output data bits. (2) 

15 

- 

NC 

- 


16 

18 

NC 

- 


17 

19 

NC 

- 


18 

20 

DG 

0 

Deglitch control clock. 

19 

- 

NC 

- 


20 

21 

v SS2 

- 

Ground 2. 

21 

22 

v DD 

- 

Supply voltage (+5V). 

22 

- 

NC 

- 


23 j 

23 

DOR 

0 

Rch serial data output (8fs rate). 

24 

- 

NC 

- 


25 

24 

DOL 

0 

Lch serial data output (8fs rate). 

26 

- 

NC 

- 


27 

25 

WCKO 

0 

Output timing control (word clock). 

28 

26 

BCKO 

0 

Output timing control for serial data 
(bit clock). 

29 

27 

FSCO 

0 

Internal timing clock (fs rate) 

30 

28 

LRCI 

1 

Multiplex clock for Lch/Rch input data 
(fs rate)— H: Lch; L: Rch. 

31 

- 

NC 

- 


32 

1 

DIN 

1 

Serial data input. 

33 

2 

BCKI 

1 

Timing clock for serial input data. 

34 

3 

CKSL 

1 

Select system clock. < 2 > 

35 

- 

NC 

- 


36 

5 

NC 

- 


37 

4 

CKDV 

1 

Select system clock. (2) 

38 

6 

XTI 

1 

Input for oscillator or external clock 
(system clock). 

39 

7 

XTO 

0 

Output for oscillator; not connected 
when using external clock. 

40 

8 

Vssi 

- 

Ground 1 . 


NOTES: (1)1 = Input terminal; O = Output terminal. (2) Refer to the Functional 
Description section for details. 


ELECTROSTATIC 
DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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DC SPECIFICATIONS 


ELECTRICAL 

DIGITAL CHARACTERISTICS: V DD - 4.75V to 5.25V, V ss = OV, T A = -20°C to +70°C unless otherwise specified. 






DF1700P, U 


PARAMETER 

PIN 

SYMBOL 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

INPUT 

Logic Family 

Logic Voltages 

XTI 

v 1L1 



CMOS 

0-3V dd 

V 


XTI 

V,H1 


0-7V dd 



V 


(D 

V 1L2 



0.5 

V 


(D 

V .H2 


2.4 



V 

Input Leakage Current 

XTI 

1. H 

V = V 


10 

20 

pA 


XTI 


V| N = OV 


10 

20 

pA 


(i) 

^13 ■■ 

V,n = V dd 



1 

pA 

Input Current 

(i) 


v IN = ov 


10 

20 

pA 

OUTPUT 

Logic Family 

Logic Voltages 

(2) 

V 0L 

l 0L = 1.6mA 


CMOS 

0.4 

V 


(2) 

Vqh 

l 0H = -0.4mA 

2.5 



V 

POWER SUPPLY REQUIREMENTS 

Supply Voltages 


V DD 


4.75 

5 

5.25 

V 

Supply Current 


•do 

V dd =5V,F sys (3) 



45 

mA 

Power Dissipation 


P D 

Nominal V DD 



250 

mW 

TEMPERATURE RANGE (Ambient, T A ) 

Specification 




-20 


70 

°C 

Operating 




-20 


70 

°C 


NOTES: (1 ) Refers to pins LRCI, DIN, BCKI, CKSL, CKDV, SYN, RS T, COB , OW20, and OW1 8. (2) R efers to pins CKO, DG, DOL, DOR, WCKO, BCKO, and FSCO. 
(3) F sys is the frequency of the internal system clock. F SYS = F XTI with CKDV = H and F SYS = F XTI /2 with CKDV = L. 


AC SPECIFICATIONS 

ELECTRICAL 



NOTES: (1) fs = sampling frequency. 
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AC SPECIFICATIONS (CONT) 

ELECTRICAL 

V DD = 4.75V to 5.25V, V ss = OV, T A = -20°C to 70°C unless otherwise specified. 


PARAMETER 


DF1700P, U 

UNITS 




INPUT TIMING (BCKI, DIN, LRCI, X 

Tl) 





BCKI, Pulse Width 


100 



ns 

BCKI, Cycle Time 

*BCY 

200 



ns 

DIN, Setup Time 

*DS 

75 



ns 

DIN, Hold Time 

*DH 

75 



ns 

Rising Edge of Last 

*BL 

75 



ns 

BCKI To Edge of LRCI 






Edge of LRCI To Rising 


75 



ns 

Edge of First BCKI 






Falling Edge of XTI 

t XL 

20 



ns 

To Rising Edge of LRCI 






Rising Edge of LRCI 

t LX 

0 



ns 

To Falling Edge of XTI 








PARAMETER 


OUTPUT TIMING 

BCKO Delay Time 
from XTI 


Output Delay 


SYMBOL 


txbH 

txbL 

txbH 

txbL 

tbdL 

tbdH 


CONDITION 


CKDV = L 
CKDV = L 
CKDV = H 
CKDV = H 
C L = 15pF 
C L = 15pF 


35 

35 

35 

35 

-10 

-10 


120 

120 

120 

120 

10 

10 


UNITS 


Timing Waveform 



ORDERING INFORMATION 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


DF1700 


3 


Basic Model Number 

Package Code 

P: 28-pin Plastic DIP 
U: 40-pin Plastic SOIC 


PACKAGE INFORMATION* 1 * 




PACKAGE DRAWING 

MODEL 

PACKAGE 

NUMBER 

DF1700P 

28-Pin Plastic DIP 

215 

DF1700U 

40-Pin SOIC 

252 


ABSOLUTE MAXIMUM RATINGS 


+V DD 

-0.3V to 7.0V 

-0.3 to V dd +0.3V 


^255°C 

Soldering Time 

10s 

Storage Temperature 

-40°C to +125°C 

Stresses above these ratings may permanently damage the device. 
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THEORETICAL FILTER CHARACTERISTICS 



PARAMETER 

CHARACTERISTICS 

Passband 

0 ~ 0.4535fs 

Stopband 

0.5465fs ~ 7.4535fs 

Passband Ripple 

Within ±0.00005dB 

Stopband Attenuation 

More than 1 1 0dB 

Group Delay Time 

Constant 


x fs 0.4535 


CD 

TD. 

c 

o 

(3 


< 


0 

20 
40 
60 
80 
100 
120 

0 / \l 2 3 4 5 6 7 \ 8 

0.4535 0.5465 xfs 7.4535 


STOPBAND ATTENUATION 







































.At 


jVv 

w\ 


AfL 



0.45 0.5 0.55 0.6 0.65 

x fs 


THEORY OF OPERATION 

The DF1700 has dual filters. Each filter consists of three 
cascaded, 2x oversampling finite impulse response (FIR) 
filters as shown in Figure 1. The output of the first, 153-tap 
filter is again 2x oversampled by the second, 29-tap filter. This 
4x oversampled data is again 2x oversampled by a third, 17- 
tap filter. This oversampling technique further separates the 
desired analog signal and the sampling frequency. This is 


FIGURE 1 . Block Diagram of Channel Filter. 

FUNCTIONAL DESCRIPTION 

SYSTEM CLOCK 

The internal system clock of the DF 1 700 is generated by either 
a crystal oscillator connected across pins XTI and XTO 
driving the internal clock generator, or an external clock 
applied at pin XTI. Four different X TI clock fre quencie s can 
be obtained with the control of pins CKDV and CKSL. This 


desirable because a low-pass filter is required at the output of 
a D AC to remove all unwanted frequency components caused 
by the sampling frequency. With the analog signal frequency 
further separated from the sampling frequency, a lower order 
analog filter with much better phase characteristics can be 
used at the output of the DAC without worrying about fold- 
over noise. 


will provide the correct clock period of the internal system 
clock as indicated in Table I. For XTI clock frequencies of 
384fs and 5 12fs, the clock is divided by two for internal use. 
The system clock signal of the same frequency as pin XTI is 
available at pin CKO. 


\ fs 

1 




■ 1 

8fs / 


DF1 

1 53 taps 

2fs 

DF2 

29 taps 

4fs 

DF3 

17 taps 


) 






1 







-Q Output 


DF1, DF2, and DF3 are 2x oversampling FIR digital filters. 
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DATA 

Serial Data Input 

The 16-bit input data format is two’s complement and MSB 
first. The serial data input timing is the rising edge of BCKI 
(Figure 2). Consequently the input serial data must be changed 
at the falling edge of BCKI. The input data is latched to the 
internal register at the edge of LRCI. 

Serial Data Output 

The se rial data output mode is selected by pins OW18 and 
OW20 as shown in Table II. 

The output data format is MSB first and either two’s comple- 
ment or complementary offs et bina ry (COB). The format of 
output data is selected by the COB pin: 

COB = H Two’s complement 

COB = L Complemented Offset Binary (COB) 

The output data from the DF1700 can be fed directly to the 
data inputs of either the PCM 1700 or PCM63 with the BCKO 
clock output serving as the input clock to these DACs. The 
data bits will be clocked into the DAC on the rising edges of 
BCKO (Figure 3). 


CONDITION 

XTI 

CLOCK (F xt ) 

CLOCK PERIOD OF 
INTERNAL SYSTEM CLOCK 

CKDV 

CKSL 

H 

H 

192fs 

1/F X! 

H 

L 

256fs 

1/F X! 

L 

H 

384fs 

2/F XI 

L 

L 

512fs 

2/F X. 


NOTE: fs = sampling frequency. 


TABLE I. System Clock Frequency Selection. 


OW18 

OW20 

NO. OF OUTPUT DATA BITS 

H 

H 

16 

L 

H 

18 

H 

L 

20 


TABLE II. Programming the Number of Output Data Bits. 


CLOCK SYNCHRONIZATION 

The internal clock for the arithmetic circuitry and output 
interface is derived by the system clock from the XTI pin, and 
is independent of the input circuitry timing from the BCKI and 
LRCI input clocks. There are two synchronization modes: the 
Free-Running Mode and the Forced Synchronization Mode. 



FIGURE 2. Input Timing Waveforms for Clocking Data into the DF1700. 

















- l\J, IV, VI t-\J 1^11. 



H!| 

D 

D 

Q 

D 

83 

D 





1 Word Time (Tw) 


TLTLnLTirLJin 

Tw/4 ► 


■LTUin 


- (3/4)Tw- 


-(1/2)Tw- 


Tb = Cycle Time of BCKO 

Tw = 1 Word Time. Tw = 24T SYS with CKSL = H or Tw = 32T SYS with CKSL = L 
T S ys = Cycle Time of Internal System Clock 


Tb 


r 


FIGURE 3. Output Data Timing Waveforms. 
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Free-Running Mode (SYN = H) 

No adjustment of the internal clock takes place for phase 
differences between the internal clock and the LRCI clock of 
up to ±3/8 of the input data sample period (1/fs). Hence, 
internal timing is not affected even if jitter is present on the 
LRCI clock input, and no jitter or timing glitches appear on the 
data output. If the clock phase differences exceed the ±3/8fs 
limit, or if the RESET function is executed, the internal clock 
is synchronized to the rising edge of LRCI. 

Forced Synchronization Mode (SYN = L) 

In this mode the internal clock is resynchronized at each rising 
edge of LRCI. Note that device misoperation may occur if 
jitter in the LRCI input shortens the LRCI period below the 
required system clock period. Furthermore, if the LRCI period 
is too long, internal arithmetic operations will function cor- 
rectly, but output timing is adversely affected. 

The internal timing clock derived from the system clock is 
available at the FSCO pin. 



100pF 


r 

i 


V DC 

V ss: 


FIGURE 4. System Reset Circuit. 


SYSTEM RESET 

The RESET function is useful for synchronizing the internal 
arithmetic circuitry and output section clock with the LRCI 
external input clock when operating in the free-running mode 


(SYN = H). It is not necessary to reset in the forced synchro- 
nization mode. Reset is also not required if the output timing 
needs not be synchronized with LRCI. Figure 4 shows the 
connection to reset the DF1700 on power-up. 


TIMING DIAGRAMS 


Serial Input Timing 

/fs 

LRCI 


“» MUilMMmJMMlMi™ 

MSB Lch LSE 

J MSB Rch LSB 



1 Over 0 cycle | 1 6 cycles 

1 Over 0 cycle | 1 6 cycles j 


Serial Output Timing 


DOL 

Tw | 

Tw 





Lch 


Lch 


DOR 






Rch 

Rch 

. 







WCKO 

BCKO 




- 

ultl- nr 

Jin- m 

n±L 


1 



DG L 

J 
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APPLICATIONS 

The most common application for the DF1700 is in high 
performance digital audio playback such as compact disc 
players. Digital information from a compact disc is often 
formatted using a digital interface format receiver chip 
(DIFRC). The DF1700 can be interfaced directly to the 
output of many popular DIFRCs as shown in Figure 5. 

The fs data stream which has been formatted by the DIFRC 
is 8x oversampled by the DF1700 and separated into left and 
right channel data for input to the PCM 1700 DAC (Figure 
6). The analog stereo outputs from the PCM 1700 each pass 


through a three pole Generalized Immittance Converter 
(GIC) low-pass filter which has extremely low distortion 
and negligible phase shift. An evaluation board, the 
DEMI 143, is available from Burr-Brown for the PCM1700/ 
DF1700. This board has the features mentioned above as 
well as an AES/EBU interface and breadboard area for user 
experimentation. Figure 7 shows a similar circuit diagram 
with the DF1700 providing 8x oversampled data to a pair of 
PCM63 DACs. 


16.9344MHz 



FIGURE 5. Interfacing the DF1700 to Various Digital Interface Format Receiver Chips (DIFRCs). 


mm 
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Interleaved 

Digital 

Input 


r — 

6_ 

— Q 1 — ■ 

5_ 

1 6.9344MHz 
(3841s) 

IMP 


= lOpF r 

= 


BCKO 


3 4 1 

>i5on 


r T_ 


r v 



B 

■i 


9 

9 


8x Interpolation 
Digital Filter 


DOR 

BCKO 

WCKO 

DOL 

Burr-Brown 
DF1700P 
(28-Pln DIP) 


14 


8 


16 

21 


lOOpF rj= 


L 








r 


V 


TT 

JZ 


DATA 

CLK 


Burr-Brown 
PCM63P 
(28-Pln DIP) 


2.2pF =j= 

V 

2.2pl 

r 


n 

_ri 


U 

0.1 uF 

tU 


3.92kO 

-vW- 


1.33kfl 

r — vw— 


P 


2.2pF 

HH 


7.32kO ; 

< 2 
m 

^2^ 

14 


hJ 

; 5 v 2 - 2uf ^ 


2.2pF 




-f z 


>3.48kO 
r 1000pF 


1 


r 


* , Aj , A 3 , A 4 = (1/2)OPA2604AP or equivalent. 




17 

JZ 


:.^pr 

n 


DATA 

CLK 


Burr-Brown 
PCM63P 
(28-Pin DIP) 




Tf 

Jl 


0.1 pF 


3.92kO 

—N\h~ 


1.33kQ 

r VW— 


7.32kO>- 2 




2.2pF 

HH 






_|| + 

2.2pF I 


-® ±3\ 
-± Vou 


>3.48kO 
r 1000pF 


1 


FIGURE 7. Circuit Diagram for the DF1700 Providing Oversampled Data to a Pair of PCM63P DACs. 
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BURR - BROWN 



Dual Channel 

DIGITAL DECIMATION FILTER 


FEATURES 


• USER SELECTABLE FOR 1/4 OR 1/2 
DECIMATING RATIOS 

• USER SELECTABLE FOR 16- OR 18-BIT 
INPUT DATA 

• SERIAL DATA INPUT IS COMPATIBLE 
WITH THE BURR-BROWN PCM1750 ADC 

• FILTERS OUT-OF-BAND NOISE WITH 
STOPBAND ATTENUATION > 95dB 

• PASSBAND RIPPLE < O.OOOSdB 

• SINGLE +5V SUPPLY OPERATION WITH 
LOW POWER DISSIPATION OF ONLY 
250mW 


DESCRIPTION 

The DF1750 is a high performance 1/4 or 1/2 decimat- 
ing digital filter that is designed for digital audio appli- 
cations. This device decimates and filters 2x or 4x (2fs 
or 4fs) oversampled data from the output of an ADC to 
a data frequency of fs. The technique of oversampling 
and decimating allows the input to an oversampling 
ADC to be processed by a much lower order, linear 
phase, analog low-pass filter. This simultaneously im- 
proves system performance while reducing circuit com- 
plexity and cost. 

The DF1750 provides output data word rates (fs) up to 
50.5kHz and it is compatible with the Burr-Brown 
PCM 1750, dual 18-bit analog-to-digital converter. 


SCSL1 SCSL2 


2DS IBCK DINL DINR 



LRCK WDCK 


DOUT MUTE LRPOL OBPOL 
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PIN CONFIGURATION 


Top View 


Top View 


CKO 
NC 
SCSL1 
SCSL2 
TEST ] 
(NC) 
2DS 
IMOD 


CC 
BBC 
(NC) 
IBCK | 
I BO | 
DINL I 


rr 

• 

4o] 

[? 


39 | 

F 


38] 

F 


-1 

3 


36 

F 


35] 

F 


3 

I 8 


33 

F 


32] 

EE 


EE 

Ql 


30 ] 

El 


29 ] 

El 


~28~| 

El 


~e\ 

El 


26] 

El 


3 

m 


1 




p 



IHH 




Vddi 

CKEN 

(NC) 

XTO 

XTI 

MUTE 

(NC) 

DOUT 

BCK 


WDCK 

OBPOL 

(NC) 

LRPOL 

LRCK 

FSEN 

(NC) 

OW20 


CKO 

SCSL1 

SCSL2 

TEST 

2DS 

IMOD 

VsS2 

DINR 

CC 

BBC 

IBCK 

IBO 

DINL 

VdD2 


r 


~28~j 




• 3 - 


26 

T 


-1 

T 


-1 



23 

I 


22] 

H 



3 


~20] 

EE 


3 

EE 



EE 


>3 

EE 


3 

EE 


3 


Vddi 

CKEN 

XTO 

XTI 

MUTE 

DOUT 

BCK 

V ssi 

WDCK 

OBPOL 

LRPOL 

LRCK 

FSEN 

OW20 


PIN DESCRIPTION 


PIN NO. 




PIN NO. 




I»J3 

mu 

NAME 

I/O* 

DESCRIPTION 

Iff El 



I/O* 

DESCRIPTION 

1 

1 

CKO 

0 

Clock output (the same as XTI 

15 

21 

OW20 

ip 

Output data bit select 





frequency), CKO = L when CKEN = H 





(16bit: OW20 = H, 20 bit: OW20 = L) 

- 

2 

(NC) 



- 

22 

(NC) 



2 

3 

■ 

ip 

XTI Frequency select 

16 

23 

FSEN 

ip 

I/O pin select 

(FSEN = H: BCK, WDCK, LRCK pin=lnput 
(FSEN = L: BCK, WDCK, LRCK pin=Output) 

3 

4 


'P 

(Refer to XTI pin description) 

17 

24 

LRCK 

iP 

fs clock 

4 

5 

TEST 

ip 

Test, (Test = L; test mode) 

18 

25 

LRPOL 

ip 

LRCK polarity select 

(LRPOL = H: Lch/Rch=Low/Hiqh) 










(LRPOL = L: Lch/Rch=High/Low) 

- 

6 

(NC) 



- 

26 

(NC) 



5 

7 

2DS 

ip 

1/4 or 1/2 decimating select 

2DS = H: 1/4 decimating, 









ip 

2DS = L: 1/2 decimating 

19 

27 

OBPOL 

iP 

BCK polarity select 

6 

8 

IMOD 

ip 

A/D converter interface mode select 

20 

28 

WDCK 

ip/o 

2fs clock 

- 

9 

(NC) 



21 

29 

Vssi 

- 

GND 1 

7 

10 

VSS2 

- 

GND 2 

- 

30 

(NC) 



8 

11 

DINR 

ip 

Rch input data 

- 

31 

(NC) 



- 

12 

(NC) 



22 

32 

BCK 

ip/o 

Output data bit clock 

9 

13 

CC 

0 

A/D converter control signal 

23 

33 

DOUT 

0 

Data output (Lch or Rch serial 
data output). 

10 

14 

BBC 

0 

A/D converter control signal 

- 

34 

(NC) 



- 

15 

(NC) 



24 

35 

MUTE 

ip 

Data output mute, (MUTE = L: DOUT = L) 






25 

36 

XTI 

i 

Oscillator Input 

(51 2fs: SCSL1 = H, SCSL2 = H) 

11 

16 

IBCK 

ip 

Input data bit clock input 



| 


(256fs: SCSL1 = H, SCSL2 = L) 

(768fs: SCSL1 = L, SCSL2 = H) 

(384fs: SCSL1 = L, SCSL2 = L) 

12 

17 

IBO 

0 

Input data bit clock output 

26 

37 

XTO 

0 

Oscillator Output 

13 

18 

DINL 

iP 

Lch input data 

- 

38 

(NC) 



14 

19 

VDD2 

- 

+5V 

27 

39 

CKEN 

ip 

CKO output select, (CKEN = H, CKO = L) 

- 

20 

(NC) 



28 

40 

Vddi 

- 

+5V 


*i = Input pin ip = input with pull-up resistor o = Output pin ip/o = Input with pull-up resistor when FSEN = H, 

output with FSEN = L. 
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ABSOLUTE MAXIMUM RATINGS 



-0.3V to +7.0V 


-0.3V to V DD + 0.3V 

Soldering Temperature 

“ U +255°C 

Soldering Time 

10s 

Stnranp Temnprfltiirp 

-40°r. tn 4.1 9RX 



PACKAGE INFORMATIONS 


MODEL 

PACKAGE 

PACKAGE DRAWING 
NUMBER 

DF1750P 

28-Pin Plastic DIP 

215 

DF1750U 

40-Pin Plastic SOIC 

252 


NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix D of Burr-Brown 1C Data Book. 


® ELECTROSTATIC 

DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


DC SPECIFICATIONS 


ELECTRICAL 

V DD = 4.5V to 5.5V, V sg = OV, T A = -20°C to +80°C unless otherwise specified. 






DF1750P/U 


PARAMETER 

PIN 

SYMBOL 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

INPUTS 

Logic Family 

Logic Voltages 

XTI 

V IL1 

For Clock Input 


CMOS 

0-3V dd 

V 


XTI 

v IH1 

For Clock Input 

0-7V dd 



V 


XTI 

V CL K 

For AC Coupling 

1.8 



Vp.p 


(1).<2) 

V |L2 

FSEN = H 



0.5 

V 


<1).(2) 

v 

FSEN = H 

2.4 



V 

Logic Currents 

XTI 

',L1 

V IN = 0V 


5 

10 

I^A 


XTI 

i IH1 

V = V 

V !N DP 

V IN = 0V, FSEN = H 


5 

10 

fa 


(1).<2) 

', 2 


10 

20 

pA 

Input Leakage Current 

(1).(2) 

U 

V |N = V DD , fsen = h 



1.0 

pA 

OUTPUTS 








Logic Family 

Logic Voltages 

(2).(3) 

v OL 

l OL = 1 ,6mA, FSEN = L 


CMOS 

0.4 

V 


(2), (3) 

V OH 

l OH = -0.4mA, FSEN = L 

2.5 




POWER SUPPLY REQUIREMENTS 

Supply Voltage 


v DD1 .v DD2 



+5 


V 

Supply Current 


u 

V DD = 5V (4) , FSEN = H 



30 

mA 

Power Dissipation 


Po 

Nominal V DD 


! 

250 

mW 

TEMPERATURE RANGE (AMBIENT, T A ) 

Specification 




-20 


+80 

°C 

Operating 




-20 


+80 

°C 


NOTES: (1) Refers to pins SCSL1 , SCSL2, TEST, 2DS, IMOD, DINR, IBCK, DINL, Q W20 , MUTE , OB POL, L RPOL, FSEN, C KEN. (2 ) Ref ers to p ins B CK, W DCK, 
LRCK. (3) R efers to pins CKO, CC, BBC, IBP, DOUT. (4) Test Condition; SCSL1 = H, SCSL2 = H, TEST = H, 2DS = H, IMOD . H, OW20 = H, MUTE = H, 
OBPOL = H, LRPOL = H, FSEN = L, CKEN = L. T CY = 38ns (XTI Clock Period), C L = OpF (Capacitive Load), DINL, DINR (Applicable Input Data). 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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AC SPECIFICATIONS 

ELECTRICAL 

V DD = 4.5V to 5.5V, V ss = OV, T A = -20°C to +80°C unless otherwise specified. 

XTI Clock 


Crystal 

Oscillator 

Frequency 


External Clock 
Pulse Width 


External Clock 
Pulse Period 




1 CONDITION 1 



SCSL1 

SCSL2 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

L 

L 

i 

H 

\wmmm 




NOTE: (1) fs = Sampling frequency. 


ADC CONTROL SIGNAL TIMING (CC, BBC, AND IBO) WITH IMOD = H 




DF1750P/U | | 

PARAMETER 

SYMBOL 

MIN 

TYP 

MAX UNIT 

2DS = H 





CC Pulse Width (H) 

T1 

65 

1/258fs 

ns 

S/H Acquisition Time 

T2 

670 

9/256fs 

ns 

CC-BBC Tim© 

T3 

285 

4/256fs 

ns 

BBC Pulse Period 

T4 

228 

3/256fs 

ns 

BBC Pulse Width (H) 

T5 

65 

1/256fs 

ns 

BBC Pulse Width (L) 

T6 

140 

2/256fs 

ns 

BBC-IBO Time 

T7 

140 

2/256fs 

ns 

IBO Pulse Period 

T8 

228 

3/256fs 

ns 

IBO Pulse Width (H) 

T9 

140 

2/256fs 

ns 

IBO Pulse Width (L) 

T10 

65 

1/256fs 

ns 

2DS = L 





CC Pulse Width (H) 

T1 

130 

1/256fs 

ns 

S/H Acquisition Time 

T2 

1350 

9/256fs 

ns 

CC-BBC Time 

T3 

570 

4/256fs 

ns 

BBC Pulse Period 

T4 

456 

3/256fs 

ns 

BBC Pulse Width (H) 

T5 

130 

1/256fs 

ns 

BBC Pulse Width (L) 

T6 

280 

2/256fs 

ns 

BBC-IBO Time 

T7 

280 

2/256fs 

ns 

IBO Pulse Period 

T8 

456 

3/256fs 

ns 

IBO Pulse Width (H) 

T9 

280 

2/256fs 

ns 

IBO Pulse Width (L) 

T10 

130 

1/256fs 

ns 


T9 H* ! 
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SERIAL INPUT TIMING (IBCK, DINL, DINR) WITH IMOD=H 




DF1750P/U 




PARAMETER 

SYMBOL 

MIN 

TYP 

MAX 

UNIT 



2DS = H 








IBCK Pulse Width 


50 

1/256fs 


ns 



IBCK Pulse Period 
Data Word Latch 

W 

tg L 

3/12.928MHz (1) 

50 

3/256fs 


ns 

ns 

CC 

/ \ 1.SV 

Set-up Time 





t hl ■*-' * SL 

Data Word Latch 

V 

50 



ns 

ibck“\ 


Hold Time 

DINL, DINR 

tsD 

25 



ns 

/ \ 15V 

Set-up Time 








DINL, DINR 

Hold Time 

^HD 

25 



ns 


■"V -1 *”i NBW 

t|BV *-'< 







t i M ] t HP | 








*SD ! ^ ► 1 ^ 

2DS = L 

IBCK Pulse Width 

t|BW 

W 

50 

1/1 28fs 


ns 

DINL V 

DINR A 

X )C i5v 

IBCK Pulse Period 

3/12.928MHz (1) 

3/1 28fs 


ns 



Data Word Latch 
Set-up Time 

Data Word Latch 

*SL 

V 

50 

50 



ns 

ns 

Normally, IBO output is connected to IBCK 
(Refer to the applications diagram). 

Hold Time 

DINL, DINR 

*SD 

25 



ns 



Set-up Time 

DINL, DINR 

t H D 

25 



ns 



Hold Time 









NOTE: (1) 12.928MHz = 256 x 50.5kHz (max sampling frequency). 


ADC CONTROL SIGNAL TIMING (CC, BBC, AND IBO) WITH IMOD = L 




DF1750P/U 



PARAMETER 

SYMBOL 

MIN 

TYP 

MAX 

UNIT 


2DS = H 






tccw tccw 

CC Pulse Width (H) 
BBC Pulse Width 

BBC Pulse Period 

IBO Pulse Width 

*ccw 

Ww 

^BBY 

130 

130 

1/8fs 

1/1 28fs 
1/64fs 

1/1 28fs 


ns 

ns 

ns 

ns 

cc - \ 

” { j 

IBO Pulse Period 



1/64fs 


ns 

,^ BB V, i t C CBB 

CC-BBC Time 

t orno 

-5 

0 

20 

ns 

l BBW -»►] -*-r* l BBW ” 

CC-IBO Time 
BBC-IBO Time 

^CCBO 

*BBBO 

130 

130 

1/1 28fs 

1/1 28fs 


ns 

ns 

bbc u v u v w ,sv 

t Jboy -»J r^-J I 

l BOW^, | 1 1-^ ^ I tQQgQ 

2DS = L 






CC Pulse Width (H) 
BBC Pulse Width 

BBC Pulse Period 

*ccw 

^BBW 

^BBY 

280 

1/4fs 

1/64fs 

1/32fs 


ns 

ns 

ns 

IB0 aA/WVY~ 

IBO Pulse Width 

^BOW 

280 

1/64fs 


ns 

m 1 i^BOW 

IBO Pulse Period 

-BOY 


1/32fs 


ns 

! ' 

CC-BBC Time 

t CCBB 

-5 

0 

20 

ns 


CC-IBO Time 

^CCBO 

280 

1/64fs 


ns 


BBC-IBOTime 

^BBBO 

280 

1/64fs 


ns 



8.3.162 


Burr-Brown IC Data Book — Data Conversion Products 


























Or, Call Custom Service at 1-800-548-6132 (USA Only) 

SERIAL INPUT TIMING (IBCK, DINL, DINR) WITH IMOD = L 


PARAMETER 


2DS = H 

IBCK Pulse Width 
IBCK Pulse Period 
Data Word Latch 
Set-up Time 
Data Word Latch 
Hold Time 
DINL, DINR 
Set-up Time 
DINL, DINR 
Hold Time 


IBCK Pulse Width 
IBCK Pulse Period 
Data Word Latch 
Set-up Time 
Data Word Latch 
Hold Time 
DINL, DINR 
Set-up Time 
DINL, DINR 
Hold Time 





DF1750P/U 


MIN 

TYP 

MAX 

UNIT 

100 

1/1 28fs 


ns 

1/3.232MHz <1) 

1/64fs 


ns 

50 



ns 

50 



ns 

25 



ns 

25 



ns 

100 

! 1/64fs 


ns 

1/3.232MHz (1) 

1/32fs 


ns 

50 



ns 

50 



ns 

25 



ns 

25 



ns 


NOTE: (1) 3.232MHz = 64 x 50.5kHz (max sampling frequency). 


SERIAL OUTPUT TIMING WITH FSEN = H 


BCK Pulse Width 
BCK Pulse Period 
LRCK Pulse Width 
LRCK Pulse Period 
LRCK Set-up Time 
LRCK Hold Time 
Output Data 
Hold Time 
Output Data 
Delay Time 


NOTE: (1) 3.232MHz = 64 x 50.5kHz (max sampling frequency). 



| DF1750P/U 1 


1 

1 

100 

1/128fs 


1/3.232MHz (1) 

1/64fs 

1/2fs 


1 /50.5kHz 
50 

50 

0 

1/fs 

100 


Normally, IBO output is connected to IBCK. 
(Refer to the application diagram). 



SERIAL OUTPUT TIMING WITH FSEN = L 


BCK Pulse Width 
BCK Pulse Period 
WDCK Pulse Width 
WDCK Pulse Period 
LRCK Pulse Width 
LRCK Pulse Period 
Output Data 
Delay Time 


DF1750P/L 


MIN 

TYP 

MAX 

140 

1/1 28fs 

1/64fs 

1/4fs 

1/2fs 

1/2fs 

1/fs 


-10 


30 

-10 


30 


(OBPOL | toBCW ] toBcw | 

=H) pr* p 

i ‘OBCY 
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THEORY 

According to the Nyquist Theorem, digital audio recordings 
sampled at a rate of 44.1kHz (CD) or 48kHz (DAT) should 
accurately reproduce the full 20kHz audio bandwidth. 
Unfortunately, if frequencies higher than 1/2 the sample rate 
are seen at the input of an analog-to-digital converter, 
aliasing back into the baseband will occur. At these sample 
frequencies, the way to assure that aliasing does not occur 
is to use complicated high order filters at the input of the 
ADC . These filters can be expensive and they can also have 
undesirable phase characteristics. These problems can be 
avoided by using an oversampling ADC (such as the 
PCM 1750) with a decimating filter, where a high order 
filter can be replaced with a low order filter which has very 
little phase distortion (Figure 1). 

With the oversampling-decimating technique, the input 
signal (Figure 2a) is band limited by a low order analog 
low-pass filter as shown in Figure 2b. This signal is 4-times 
oversampled, with its spectra and foldover noise shown in 
Figure 2c. The DF1750 first rejects the high frequency 
components of the 4fs ADC output (Figure 2d). A 1/2 
decimating filter then processes this data into a 2fs data 
stream. This output spectra is shown in Figure 2e. The high 
frequency components of the 2fs data are then removed, 
producing the output spectra shown in Figure 2f. A second 
1/2 decimating filter processes the 2fs data to a final fs data 
stream and the original signal is restored without distortion 
(Figure 2g). Note, when operating in the 1/2 decimating 
mode the DF1750 processes data through the first LPF and 
a single 1/2 decimating filter only. 


FIGURE 2. The Associated Spectra of the Oversampling- 
Decimating Technique. 


FIGURE 1 . A Block Diagram of an Oversampling ADC 
Followed by Digital Decimation. 
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THEORETICAL FILTER 
CHARACTERISTICS 


1/4 DECIMATING, INPUT DATA FREQUENCY = 4fs 


PARAMETER 

CHARACTERISTICS 

Passband 

DC to 0.4583fs 

Stopband 

0.541 7fs and Above 

Passband Ripple 

±0.0005 dB 

Stopband Attenuation 

95dB min, 0.541 7fs to 1.4583fs 

88dB min, 1.4583fs to 2.541 7fs 

95dB min, 2.541 7fs to 3.4583fs 

Group Delay Time 

Constant, Linear Phase 



DF1750 1/4 Decimating Filter Tranfer Characteristics. 



1/2 DECIMATING, INPUT DATA FREQUENCY = 2fs 


PARAMETER 

CHARACTERISTICS 

Passband 

Stopband 

Passband Ripple 
Stopband Attenuation 
Group Delay Time 

DC to 0.4583fs 

0.541 7fs and above 
±0.0002dB 

95dB min, 0.541 7fs to 1 .4583fs 
Constant, Linear Phase 



0.5 1 1.5 2 

(x fs) 


DF1750 1/2 Decimating Filter Transfer Characteristics. 


- 0.001 
S' —0.0005 

T3 

c 

1 0 

c 

§ 0.0005 




; wiTfi™? fit ,V"Yf * r«STsYiT m 


JMWMWMf Mf mf MfMJM WMVMyU 







0.4 0.45 

(x fs) 


DF1750 1/4 Decimating Passband Frequency Response. 


DF1750 1/2 Decimating Passband Frequency Response. 



DF1750 1/4 Decimating Transitionband Frequency Response. 


DF1750 1/2 Decimating Transitionband Frequency Response. 


mm 
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FUNCTIONAL DESCRIPTION 

1/4 AND 1/2 DECIMATING FUNCTIONS 

1/4 or 1/2 decimating filtering converts 4fs or 2fs oversampled 
data back to a s ampling rate of fs data by a digital filtering 
algorithm. 2DS is used to select 1/4 or 1/2 decimating. 

2DS = H; 1/4 decimating (0.5417fs ~ 3.4583fs) 

2DS = L; 1/2 decimating (0.5417fs ~ 1.4583fs) 

The filter arithmetic block consists of two 1/2 decimating 
finite impulse response (FIR) filters as shown in Figure 3. 



FIGURE 3. Filter Arithmetic Structure 


SYSTEM CLOCK 

The system clock freq uency c an be 256fs, 364fs, 512fs, or 
768fs selectable with SCSL1 and SCSL2 as indicated in 
Table I. An external clock (applied to Pin XTI) or crystal 
oscillator (Pins XTI and XTO) can be employed. AC cou- 
pling is required for an external clock. 

The XTI inpu t clock is available as an o utput a t pin CKO, 
when CKEN = L. CKO stays low when CKEN = H. 


SCSL1 

H 

1 \ 

SCSL2 

H 

L 

H 

■ 

XTI Clock 
Frequency 

Fx. 

512fs 

256fs 

768fs 

384fs 

Clock 

Input 


External Clock or 

Crystal Oscillator 

Internal System 
Clock 

Frequency 

^SYS 

256fs 


TABLE I. System Clock and Internal Clock Frequency 
Selection. 



FIGURE 4. SIPO Input Data Loading Timing. 



SERIAL DATA INPUT 

The DF1750 is programmed for accepting the correct num- 
ber of input data bits per word by the IMOD pin. A 16-bit 
input word is selected with I MOD = L and an 18-bit input 
word is selected with IMOD = H. Set IMOD = H for use 
with the PCM 1750. The serial input data format is two's 
complement and MSB first. Both the left and right channel 
data are loaded into the DF1750 simutaneously. 

Each bit of the data is loaded to each channel’s SIPO (Serial/ 
parallel conversion register) by the rising edge of the Input 
Bit Clock, IBCK (Figure 4). After the serial input data is 
loaded, the data is l atched into a parallel register by the 
risi ng edg e of CC for IMOD = H and the falling edge of CC 
for IMOD = L (Figure 5). 
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ADC CONTROL SIGNALS (CC, BBC, AND IBO) WITH IMOD = H 


(1) 1/4 Decimating (2DS = H) 


31! 0 1 2 3 4 5 25 30 3l! 0 1 


(SOUTL) DINL - 
(SOUTL) DINR- 


MSB I 2 13 


15 16 17 18 19 


15 I 16 I 17 I LSBl 


(2) 1/2 Decimating (2DS = L) 


31- 0 1 2 3 4 5 25 30 3l! 0 1 


(SOUTL) DINL - 
(SOUTL) DINR" 


i 2 rr 3 


MSB I 2 I 3 


15 16 17 18 19 


15 I 16 I 17 I LSBl 


(SOUTL) (SOUTR) are outputs of the PCM 1750. 


FIGURE 6. ADC Control Signals With IMOD = H. (Applicable for use with the Burr-Brown PCM1750 ADC). 


ADC CONTROL SIGNALS 

(CC, BBC AND IBO) WITH IMOD = L 



FIGURE 7. ADC Control Signals with IMOD = L. 

OUTPUT INTERFACE 

(BCK, WDCK, LRCK, OBPOL, LRPOL, FSEN) 


b. Sampl ing rat e clock (LRCK) 

When FSEN = H, apply a 50% duty cycle sampling 
freque ncy (fs ) to pin LRCK. 

When FSEN = L, a fs clock generated from the system 
clock is available at pin LRCK. 

c. Word Clock (WDCK) 

When FSEN = L, WDCK provides a 2fs clock that is 
derived from the system clock. 

d. Output bit cl ock 

When FSEN = H, apply a 64fs clock to pin BCK. ■ 
When FSEN = L, a 64fs clock generated from the system! 
clock is available at pin BCK. I 

e. LRCK polarity selection (LRPDL) 

LRPOL = H; Lch/Rch = Low/High 
LRPOL = L; Lch/Rch = High/Low 
(Regardless of LRCK’s I/O mode). 

f. BCK pol arity selection (OBPOL) 

OBPOL = H; DOUT changes state at rising edge of 
BCK. 

OBPOL = L; DOUT changes state at falling edge of 
BCK. 

(Regardless of BCK’s I/O mode). 


The output of the DF 1750 can be interfaced to many different T 

devices by programming the output interface pins. These pins *• Timln S relatlon between XTI and BCK ’ WDCK ’ LRCK 


provide the following functions: 

a. Output co ntrol cl ocks, BCK, WDCK, LRCK I/O 
selection (FSEN). 

FSEN = H; BCK WDCK, LRCK = Input 
FSEN = L; BCK WDCK, LRCK = Output 


clocks. 

When FSEN = H, clocks to BCK and LRCK must be 
synchronized to XTI. However, there is no limit on their 
phase differences (between XTI and BCK, LRCK clocks). 
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SERIAL DATA OUTPUT 

The nu mber of bi ts per o utput data word is selected with the 
OW2 Q pin. With OW20 = H a 16-bit output is selected and 
with OW20 = L a 20-bit output is selected. 

The serial output data format is two's complement and MSB 
first. The left and right channel outputs are alternated, with 
the left channel preceeding the right channel. Each data 
word is allocated in each pulse of LRCK and the LSB is 
located at the end of the LRCK pulse as shown in Figure 8. 

The ou tput of the DF175 0 can be muted by the use of the 
MUTE pin. When MUT E = L, th e output stays low (muted). 

Under normal operation MUTE = H. 

TIMING DIAGRAMS 

INPUT 




FIGURE 8. Output Timing. 
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(2DS = L) IMOD = H 
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J1 
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“nr |nvalid invalid 

NOTE: Bit 1 is the most significant bit. 
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O 

in 

fLRPOL = H) 1 


L 
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LL 
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Q 
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i 
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DOUT LSB 

16 
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(MMrmum 
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J, 

s 

3 

O 

LSB 

20 

(OW20 = L) Y) 

MSB Lch LSB 
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MSB Rch LSB 

immmmmmL 

! 1 

o 


cc 

CL 


APPLICATIONS 

A typical circuit configuration for digital audio recording is 
shown in Figure 9. Each of the stereo input channels passes 
through a six pole Generalized Immitance Converter (GIC) 
low pass analog filter. This filter features extremely low 
distortion and negligible phase shift. The band limited signals 
are 4x oversampled by the dual-channel PCM 1750 A/D 
converter. Clock and convert signals are provided to the 


o 

Q 

PCM 1750 by the DF1750. The 4fs oversampled data of the — ^ 

PCM 1 750 is filtered by the DF1 750 to provide a data stream ^ 
of fs. A PCM 1750/DF 1750 evaluation board, DEMI 133, is 
available from Burr-Brown. This board incorporates the fea- ^ 
tures mentioned above as well as an AES/EBU interface, test t 
points for monitoring both the serial and parallel data outputs, O 

and a breadboard area for user experimentation. Q 


mom 
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PCM1750P 

15 OFFADJ -VA 14 

16 MSB ADJ +VA 13 

17 VINR SOUTR 12 

18 VREFIN CONVERT 11 

19 VREFOUT DCOM 10 

20 ACOM ACOM 9 

21 REF CAP DCOM 8 

22 REF COM +VD 7 

23 ACOM +VD 6 

24 VREFOUT +VD 5 

25 VREFIN CLK 4 

26 VINL SOUTL 3 

27 MSB ADJ +VA 2 

28 OFFADJ -VA 1 


+5V -5V 

?,« ! 


i j- 


DF1750P 
(28-PIN DIP PKG) 


CKO 

VDD1 

SCSL1 

CKEN 

SCSL2 

XTO 

TEST 

XTI 

2DS 

MUTE 

IMOD 

DOUT 

VSS2 

BCK 

DINR 

VSS1 

cc 

WDCK 

BBC 

OBPOL 

IBCK 

LRPOL 

IBO 

LRCK 

DINL 

FSEN 

VDD2 

OW20 


1.00M£2 

p-vw— 1 

16.9344 MHz 


iF ^ IQpF ^ 


Interleaved 
Digital Output 


^7 A f 


*A1 - A2 = 1/2 OPA2604 with ±15V supplies or 1/2 5532 with ±5V. 


! S FIGURE 9. Circuit diagram for a typical digital audio application using the DF1750 for decimating oversampled data from the output of the PCM1750 dual channel ADC. 
i The OPA2604s are configured in a generalized immittence converter (GIC) filter arrangement to avoid aliasing in the PCM 1750. 
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Appendix A 

Demonstration Boards 


Burr-Brown offers a wide variety of demonstration 
boards for both its Linear and Data Conversion 
Products, New boards for new products are con- 
tinually being added to the selection — contact the 
factory your local salesperson for availability. 


NOTE: All evaluation fixtures whose model num- 
ber ends with a ‘C’ include the product or products 
mentioned. All other do not include the product, 
except where specifically noted. 


MODEL 

PRODUCT 

DESCRIPTION 

DEM-ACF21 01 BP-C 

ACF2101BP 

Evaluation Fixture with Programmable Timing Generator 

DEM-ADC614-E 

ADC603/614 

Evaluation Fixture — Digital/Analog Output (Formerly DEM 
1123) 

DEM-ADC701-E 

ADC701/SHC702 

Evaluation Fixture — Digital/Analog Output (Formerly DEM 
1113) 

DEM-ADS7804/05C 

ADS7804/05 

Evaluation Fixture — Analog Input and Digital Output 

DEM-ADS7806/07C 

ADS7806/07 

Evaluation Fixture — Analog Input and Digital Output 

DEM-ADS7808/09C 

ADS7808/09 

Evaluation Fixture — Analog Input and Digital Output 

DEM-ADS781 0/1 9C 

ADS7810/19 

Evaluation Fixture — Analog Input and Digital Output 

DEM-BUF600-1GC 

BUF600AP 

Evaluation Fixture — 900MHz Buffer Amplifier 

DEM-BUF601-1GC 

BUF601AP 

Evaluation Fixture — 650MHz Buffer Amplifier 

DEM-DAC600-E 

DAC600 

Evaluation Fixture— SMA Digital Inputs and Analog SMA 
Output (an external reference can be provided via a BNC 
input). The fixture provides a socket for the DAC600, 
which must be ordered separately. 

DEM-DAC650J-E 

DAC650JL 

Evaluation Fixture — Digital Input and Analog Output (all 
SMA connectors). The part is included and soldered to 
the board. 1 

DEM-DAC650K-E 

DAC650KL 

Evaluation Fixture — Digital Input and Analog Output (all® 
SMA connectors). The part is included and soldered to 
the board. 

DEM-DDC101 PC 

DDC101P 

Evaluation Fixture, includes the DDC101 board, interface 
board to connect to parallel PC-port and software. Sup- 
ports all DDC101 options plus FFT. 

DEM-DSP1 02/202C 

DSP1 02/202 

Evaluation Fixture — DSP Interface with Programmable 
Timing Generator 

DEM-ISC300-SC 

ISC300 

Evaluation Fixture — Universal Precision Isolated Mea- 
surement Channel. 

DEM-IS021 2-8-GC 

IS0212 

Evaluation Fixture — 8 Input Channels, Tri-port isolation 

DEM-IXR100-SC 

IXR100 

Evaluation Fixture — Isolated, self-powered 4-20mA two- 
wire transmitter 


BURR -BROWN® 

MMMM 
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MODEL 

PRODUCT 

DESCRIPTION 

DEM-MPC100-1GC 

MPC100AU 

Evaluation Fixture — 4 to 1 High Speed Multiplexer and 
Output Buffer BUF601AU 

DEM-MPC102-1GC 

MPC102AU 

Evaluation Fixture — Dual 2 to 1 High Speed Multiplexer 
and optional output buffer, BUF601AU 

DEM-OPA620G/P-C 

OPA620/621 

Evaluation Fixture Kit for DIP packages — Generic Op 
Amp Configurations (Formerly DEM 1135) 

DEM-OPA622-1 GC 

OPA622AP 

Evaluation Fixture — For voltage and current feedback 
configuration 

DEM-OPA623-1GC 

OPA623AP 

Evaluation Fixture— High Speed current feedback Op 
Amp 

DEM-OPA628AP-C 

OPA628AP 

Evaluation Fixture-User selectable configuration for the 
DIP package 

DEM-OPA628AU-C 

OPA628AU 

Evaluation Fixture-User selectable configuration for the 
SOIC package 

DEM-OPA64XP-Y 

OPA64XP 

Evaluation Fixture — Three boards are offered for the DIP 
package of the OPA64X series of operational amplifiers. 
DEM-OPA64XP-F: follower configuration; DEM- 
OPA64XP-N: noninverting configuration; DEM-OPA64XP- 
1: inverting configuration. (Note: each board will operate 
with any OPA64XP series op-amp. No component is 
included — it must be ordered separately.) 

DEM-OPA64XU-Y 

OPA64XU 

Evaluation Fixture — Three boards are offered for the 
SOIC package of the OPA64X series of operational 
amplifiers. DEM-OPA64XU-F: follower configuration; DEM- 
OPA64XU-N: noninverting configuration; DEM-OPA64XU- 
N: noninverting configuration; DEM-OPA64XU-I: invert- 
ing configuration. (Note: each board will operate with any 
OPA64XU series op-amp. No component is included — it 
must be ordered separately.) 

DEM-OPA660-XXX 

OPA660 

Evaluation Fixture — Five boards are offered for five differ- 
ent configurations. DEM-OPA660-1GC: Diamond transis- 
tor and buffer; DEM-OPA660-2GC: Current-feedback 
operational amplifier; DEM-OPA660-3GC: Direct-feed- 
back amplifier; DEM-OPA660-4G: Layouts for all applica- 
tions using SOIC (unassembled); DEM-OPA660-5G: Lay- 
outs for all applications using DIP packages (unassembled) 

DEM-OPA2662-1 GC 

OPA2662 

Evaluation Fixture-High speed voltage controlled current 
source 

DEM-PCM1 700P-C 

PCM1700 

Evaluation Fixture — Serial/SPDIF Inputs (Formerly DEM- 
1143). Includes product. 

DEM-PCM1702 

PCM1702 

Evaluation Fixture— Serial digital input, 8X digital interpo- 
lator (NPC5842), and analog output. A PCM1702P is 
included. The board will interface directly to the DEM- 
1760. The fixture does not accept SPDIF input. 

DEM-PCM1710 

PCM1710U 

Evaluation Fixture— Serial Digital Audio In. Left and Right 


channel analog out. 
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MODEL PRODUCT DESCRIPTION 

DEM-DAI1 71 0 PCM1 71 OU Evaluation Fixture — Includes Digital Audio Interface (DAI) 

receiver chip and dual 2nd-order lowpass output filters 

DEM-PCM1715 PCM1715U Evaluation Fixture — Serial digital audio in. Left and right 

channel analog out 

DEM-PCM1750P-C PCM1750 Evaluation Fixture — Serial/Parallel Output, SPDF Out (For- 

merly DEM 1133). Includes product. 

DEM-PCM1 760 PCM1 760/DF1 760 Evaluation Fixture— Analog input and serial digital output. 

A PCM1760P and DF1760P are included. The board will 
interface directly to the DEM-1702. The fixture does not 
provide SPDIF output. 

DEM-PCM63P-C PCM63P Evaluation Fixture— Includes Dual PCM63s, SPDIF Input 

DEM-PCM67P-C PCM67P Evaluation Fixture — Includes Dual PCM67s (single/dual 

supply operation), SPDIF Input 

DEMPCM78P-C PCM78P 

DEM-SHC605AU SCH605AU 


DEM-SDM862/863-1 -SC 
DEM-SDM862/863-2-SC 
DEM-VCA61 OAP-C VCA61 OAP 


A 


Evaluation Fixture — Analog Input, Parallel Data Output. 
Includes SHC5320 sample hold and PCM56 as a recon- 
struction ADC (formerly DEM-1122). 

Evaluation Fixture — Analog input, digital control input, 
and sample/hold output (all SMA connectors). A 
SHC605AU is included and is soldered to the board. 

SDM862/863 Evaluation Fixture— LCC package, also 
covers SDM872/873 

SDM862/863 Evaluation Fixture— PGA package, also 
covers SDM872/873 

Evaluation Fixture — Voltage Controlled Amplifier 
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DEM-ADS605HB 
EVALUATION FIXTURE 



FEATURES 

• UNIVERSAL INPUT AND OUTPUT 
CONNECTORS 

• DUT INCLUDED WITH DEMO BOARD 

• OPTIMUM PC BOARD LAYOUT AND 
BYPASSING 

• GAIN AND OFFSET ADJUST INCLUDED 

• 5" x 5 11 (12.7 cm x 12.7cm) DIMENSIONS 


DESCRIPTION 

The DEM-ADS605 evaluation fixtures are fully as- 
sembled printed circuit boards including the ADS 605. 
By supplying the power, analog input and convert 
command signals, the ADS605 can be quickly evalu- 
ated. A choice of either the ADS605H or ADS605HB 
is included with this board. 


APPLICATIONS 


• EVALUATE ADS605H OR ADS605HB 
PERFORMANCE 

• EVALUATE HIGH FREQUENCY THREE- 
LAYER PC BOARD LAYOUT 

• INCOMING INSPECTION TEST FIXTURE 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602)746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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POWER SUPPLIES 

This demonstration board requires the application of a 
-5.2V supply, a +5V supply and a ground. 

OFFSET AND GAIN 

The gain and offset potentiometers (shown in Figure 1) have 
a ±2% and ±2% adjustment range respectively and are 
hooked up to the ADC. If these adjustments are not desired, 
ground pins 21 and 22 with jumpers W2 and W3. 

APPLYING A CONVERT COMMAND 

The convert command pulse should be generated from a low 
jitter source. A convert command with jitter will degrade 
your realized SNR. 

The convert command pulse width “high” time should be 
between 37ns and 47ns long. A pulse width of 50ns (a 50% 
duty cycle) will NOT be acceptable. A convert command 
pulse width outside of this range will degrade the DNL and 
SNR performance substantially due to digital noise coupling 
into the internal analog circuitry at sensitive times in the 
internal conversion cycle. 


LATCHING THE OUTPUT DATA 

The data from the TTL outputs of the ADS 605 is factory 
preset to be latched into buffered TTL latches on the falling 
edge of the Data Valid signal. Alternatively, jumper “Wl” 
can be set to latch on the falling edge of the convert 
command. 


ADS605 ORDERING INFORMATION 


DEM-ADS605 ( ) H HB 

Basic Model Number - ^ 

Performance Grade Code 

Package Code 

With Standard ADS605H 

With Standard High Grade ADS605HB 


PARTS LIST 


REFERENCE DESIGN 

DESCRIPTION 

QUANTITY 

C1.C4, C5, C6, C7 C8, C9, 

CIO, Cl 1, Cl 3, C20, C22, C24 

CHIP CAP C1206A104K 
5RAC (0.1 pF) 

13 

C2, C3, Cl 2, Cl 4, Cl 9, 
C21.C23 

Kemet T356F226K1 06AS 
(2.2|iF) Tantalum 

7 

Cl 5, Cl 6, Cl 7, C18 

Kemet T356J107K010AS 
(lOOpF) Tantalum 

4 

R1.R2, R5, R8 

RN55C5ROF 

1% Film Resistor (51 Q) 

4 

R4, R7 

1206 Surface Mount (10KQ) 

2 

R3, R6 

3299W001202 (2k pot) 

2 

Advanced Interconnections 

KSS100-85TG (Pin) 

14 

U1, U2 

74F574 Buffered Latch 

2 

U3 

74F14 Inverter Gates 

1 

PI 

1 02203-3 (40-pin plug) Amp 

1 

P2 

102203-3 (6-pin plug) 

1 

J1, J2 

142-0701-201 EF Johnson 
DIGI-Key SMA connector 

2 

DUT 

ADS605 

1 

W1.W2.W3 

Jumper TS-1 20-G-A Samtec 

3 

Shunt Samtect 

Snt-100-BK-G-H 

3 
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RDS605 EVRLURTION FIXTURE 


l j 

FIGURE 2. ADS605 Silkscreen. 



FIGURE 3. ADS605 Top Layer Analog Ground Plane, Top View. 
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FIGURE 5. ADS605 Bottom Layer, Interconnect, Top View. 
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EVALUATION FIXTURE 



FEATURES 


• 100kHz 12-BIT ADS7804P AND 16-BIT 
ADS7805P INCLUDED 

• 16-BIT BUFFERED PARALLEL OUTPUT 

• CONNECTOR FOR ALL DIGITAL I/O PINS 

• CRYSTAL OSCILLATOR BASED 100kHz 
CONVERT COMMAND GENERATOR 

• EXTERNAL CONVERT COMAND 
CONNECTOR 

• PROTOTYPE AREA 


APPLICATIONS 


DESCRIPTION 

The DEM-ADS7804/05C Evaluation Fixture is a fully 
assembled printed circuit board used to evaluate 
ADS7804P and ADS7805P. This device incorporates 
an analog input amplifier (with provisions to bypass 
this amplifier), a parallel digital output buffer, a crys- 
tal oscillator based 100kHz convert command genera- 
tor, an external convert command connector and a 2.3" 
x 1.2" breadboard area. The DEM-ADS7804/05C 
achieves full converter performance on a two-layer 
board. 

This fixture requires only a single +5V power supply. 
An optional bipolar power supply connector is 
provided for the input amplifier and breadboarding. 


• EVALUATE ADS7804P AND ADS7805P 
PERFORMANCE 

• BREADBOARD COMPLETE ANALOG 
SYSTEM 

• EVALUATE SIMPLE TWO-LAYER PCB 
LAYOUT 

• INCOMING INSPECTION TEST FIXTURE 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602)889-1510 • Immediate Product Info: (800) 548-6132 
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HOW TO USE THIS MANUAL 

A table and diagrams are included in the “Factory Settings” 
section showing how the board is configured from the factory. 
A listing of other components, which are shipped with the 
board, is also included. 

The Step-by-Step Basic Operations section describes all of 
the options. At the end of each step, a figure illustrates factory 
settings. Items installed are highlighted in those figures. 

For further details on the OPA671, ADS7804P, ADS7805P, 
or any other device on the DHM-ADS7804/05C, refer to the 
specific product data sheet. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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FIGURE 1. PCB Legend. 


FACTORY SETTINGS 

With a +5V supply connected to P2, the DEM-ADS7804/ Buffered full parallel can be read from P6. The following is 
05C starts converting at 100kHz with an input range of a listing of “factory settings”. j 

±10V. Data can be read in bytes or full parallel from P5. I 


MAKE SELECTION 

FOR EACH STEP* 1 ) 

FACTORY SETTINGS 

OPTIONS (requires alteration of the demo board, all needed 
components included). 

1. Device 

ADS7805P installed. 

ADS7804P included for installation. 

2. Input Amplifier 

OPA671 bypassed. 

Switching jumpers on J1 and J2 to “B” selects input amplifier. Apply ±15V to PI . 

3. Offset Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometers included for 
installation. See Step-by-Step Basic Operations, step 3. 

Gain Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometers included for 
installation. See Step-by-Step Basic Operations, step 3. 

4. Convert Command 

On-board 100kHz convert command 

Apply external convert command generator (<100kHz) to P4 


generator connected to R/C. 

and switch J3 to “EXT”. 

5. Output Format 

1 2/1 6-bit buffered full-parallel output (P6) 

Full parallel or 8-bit byte reading output (P5). 

6. Power Supplies 

2-pin power block (P2) ready for +5V. 

3-pin power block (PI) ready for +15V (for use with breadboard 
and optional input amplifier). 

NOTE: (1) Each of these steps is explained in detail in the Step-by-Step Basic Operations section. 


TABLE I. Quick Reference to Factory Settings and Other Options. 
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FACTORY SETTINGS (CONT) 


Hardware Installed 

PI Yes 


Comments 

3-Pin Power Block 

2-Pin Power Block 

PCB Mount BNC Connector 

PCB Mount BNC Connector 

20 X 2 Header 

20 X 2 Shrouded Header 

28-Pin Socket for ADS7804P 

or ADS7805P 

8-Pin Socket for OPA671 

3x1 Headers 

Refer to Step-by-Step 

Basic Operations, 

Step 4B. 



FIGURE 2. Hardware Installed. 


Jumpers for: Setting 


U2 (Input Amplifier Socket) 
bypassed 

Crystal On-Board Con- 
vert Command Genera- 
tor Selected jOutputs 
100kHz toR/C) 


Pin 37 to 38 CS Tied LOW 
Pin 33 to 34 BYTE Tied LOW 


BURR-BROWN CORP. 

ADS7804/05 
EVALUATION BOARD 


FIGURE 3. Jumpers Installed. 
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FACTORY SETTINGS (CONT) 


ICs 

Installed 

ADS7804P 

No 

ADS7805P 

Yes 

OPA671 

Yes 

U3 

Yes 

U4 

Yes 

U5, U6 

Yes 

U7 

Yes 


Comments 

Included in Package 
Plugged into 28-Pin 
Socket (U1) 

Plugged into 8-Pin Socket 
(U2) 

4-Bit Decade Counter 
Hex Schmit Inverters 
8-Bit Latch 

1 .000MHz Crystal Oscillator 



FIGURE 4. ICs Installed. 


Resistors 

installed 

Comments 

R2 

No 

576kQ 1/4W W 

R3 

No 

33.2kQ 1/4W 1%w 

R5 

No 

49.9kQ 1/4W W' 

R1 

Yes 

33.2k Q 1/4W 1% 

R4 

Yes 

200Q 1/4W 1% 

R6-R8 

Yes 

4.99kQ 1/4W 1% 

R9 

Yes 

49.9Q 1/4W 1% 

Pots 

Installed 

Comments 

RV1, RV2 

No 

50kQ 1/4W 1%(D 

Capacitors 

Installed 

Comments 

Cl, C2, C5, 
C7-C1 1 

Yes 

0.1 ^F (50V) 

C3, C4 

Yes 

2.2pF (25V) 

C6 

Yes 

lOpF (10 V) 


NOTE: (1) Included in Package. 



FIGURE 5. Resistors and Capacitors Installed. 
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STEP-BY-STEP 
BASIC OPERATIONS 

STEP 1 — ADS7804P OR ADS7805P 

A) To test the ADS7804P, install an ADS7804P in Ul. 

B) To test the ADS7805P, install an ADS7805P in Ul. 

Factory Setting: C3, C4, C5, C6 and 28-pin socket (Ul) 
soldered to the board. ADS7805P plugged into Ul. 


B) To adjust gain, install RV2 (50k£2) and R2 (576kQ), then 
adjust RV2. Do this for +10V and -10V. See Figure 8. 

NOTE: The offset directly affects the gain. Always trim 
offset first. For maximum precision, more than one iteration 
of these adjustments may be required. 

Factory Setting: ±10V input range without offset/gain trim, 
R1 and R4 soldered to the board. 






1 




1 

i||l 




1 



£ 






FIGURE 6. Factory Settings For Step 1. 


Step 2 — On-Board Input Amplifier 

To use the on-board input amplifier, jumpers J1 and J2 must 
be set to the “B” position, and PI (Optional Power) must be 
supplied with ±15V. The factory setting of the amplifier 
yields an inverting gain of 2. Combinations of resistors R6, 
R7, and R8 will affect the gain of the amplifier as follows: 
GAIN = - (R8)/(R6 II R7) 

NOTE: The on-board input amplifier may improve the 
quality of the signal reaching the ADS7804P or ADS7805P. 
This depends on the output characteristics of the signal 
generator. 

Factory Setting: J1 and J2 set to “A”, bypassing the 
amplifier, R6, R7, R8, Cl, C2 and 8-pin socket (U2) sol- 
dered to the board. OPA671 plugged into U2. 



FIGURE 8. Factory Settings for Step 3. 


Step 4 — Convert Command Generator 

A) J3 set to “INT” selects the on-board convert command 
generator operating at 100kHz (divided down from 1MHz 
by U3). 

B) J3 set to “EXT” selects an external convert command 
generator. Apply a negative-going pulse, 100ns in dura- 
tion, to P4 (External Convert Command). This connector 
is terminated on the board with a 50Q resistor (R9). 
Adjust the voltage of the generator for a 0V to 5V swing 
and the pulse rate to the desired frequency (<100kHz). 
NOTE: When using an external convert command, the 
trace powering the on-board convert command generator 
can be cut to eliminate any noise contributions due to the 
oscillator. To reconnect, install a jumper at J4. 


-V GND +V 



FIGURE 7. Factory Settings for Step 2. 

Step 3 — Offset/Gain Adjust 
Offset Adjust 

A) To adjust offset, install RV1 (50kf2) and R3 (33.2kf2), 
ground the input, then adjust RV1. See Figure 8 for 
location of RV1 and R3. 


Factory Setting: J3 set to “INT”, conversions synchronized 
to on-board convert command generator at 100kHz. P4, R9, 
U3, U7, C7 and Cll soldered to the board. 



FIGURE 9. Factory Settings for Step 4. 
Burr-Brown IC Data Book-Data Conversion Products | 
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FIGURE 10. Location of MSBs and LSBs on P5. 



FIGURE 11. Location of MSBs and LSBs on P6. 


Step 5 — Parallel or Byte-Reading Output 

A) P5 outputs byte-reading and full parallel data — See 
Figure 10. 

B) P6 outputs buffered full parallel data — See Figure 1 1 . 

A rising edge pulse will be output on pin 33 (Data Valid) 
of P6 signifying the end of a conversion and that data is 
valid. Data will be from the most recently completed 
conversion. Be sure to tie pin 33 of P5 to pin 34 of P5 
with a jumper. This puts the MSB on pin 1 of P6. 

Factory Setting: Pin 33 jumpered to pin 34 (P5), P5, P6, 
U4, U5, U6, C8, C9 and CIO soldered to the board (See 
Figures 10, 11, and 12). 



FIGURE 12. Factory Settings for Step 5. 


Step 6 — Power Supplies 

A) A 5 V power supply connected to P2 (Power) is all that is 
required to operate the DEM-ADS7804/05C. 

B) If the optional amplifier is used, PI must be supplied with 
power (OPA671 requires at least ±15V for this applica 
tion). 

Factory Setting: PI and P2 ready to be connected to th 

appropriate power supplies. 




FIGURE 13. Factory Settings for Step 6. 
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ADS7804P 

ADS7805P 


ADS7804/05P 

PIN 

FUNCTION 

FUNCTION 

PIN 

FUNCTIONS 

1 

Dll (MSB) 

D15(MSB) 

2 

GND 

3 

DIO 

D14 

4 

GND 

5 

D9 

D13 

6 

GND 

7 

D8 

D12 

8 

GND 

9 

D7 

Dll 

10 

GND 

11 

D6 

DIO 

12 

GND 

13 

D5 

D9 

14 

GND 

15 

D4 

D8 

16 

GND 

17 

D3 

D7 

18 

GND 

19 

D2 

D6 

20 

GND 

21 

D1 

D5 

22 

GND 

23 

DO (LSB) 

D4 

24 

GND 

25 

Data Zero 

D3 

26 

GND 

27 

Data Zero 

D2 

28 

GND 

29 

Data Zero 

D1 

30 

GND 

31 

Data Zero 

DO (LSB) 

32 

GND 

33 

BYTE 

BYTE 

34 

GND 

35 

R/C 

R/C 

36 

GND 

37 

CS 

CS 

38 

GND 

39 

BUSY 

BUSY 

40 

GND 


TABLE II. Pinout of the Digital I/O Connector (P5). Pin 33 
tied to pin 34 on P5 (BYTE is LOW). 



ADS7804P 

ADS7805P 


ADS7804/05P 

PIN 

FUNCTION 

FUNCTION 

PIN 

FUNCTIONS 

1 

Dll (MSB) 

D15(MSB) 

a 

GND 

3 

DIO 

D14 


GND 

5 

D9 

D13 

mm 

GND 

7 

D8 

D12 

8 

GND 

9 

D7 

Dll 

El 

GND 

11 

D6 

DIO 

WEB 

GND 

13 

D5 

D9 

El 


15 

D4 

D8 

na 


17 

D3 

D7 

El 

GND 

19 

D2 

D6 

EM 

GND 

21 

D1 

D5 


GND 

23 

DO (LSB) 

D4 

El 

GND 

25 

Data Zero 

D3 


GND 

27 

Data Zero 

D2 

Ei 

GND 

29 

Data Zero 

D1 

ieHM 

GND 

31 

Data Zero 

DO (LSB) 

ggg 

GND 

33 

BYTE 

BYTE 

ESI 

GND 

35 

R/C 

R/C 



37 

CS 

CS 



39 

BUSY 

BUSY 

201 

■ 


TABLE III. Pinout of Buffered Output (P6). Pin 33 tied to pin 
34 on P5 (BYTE is LOW). 



FIGURE 15. PCB Component Side (Ground Plane). 
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FIGURE 16. PCB Solder Side 
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INSTALLED COMPONENT LIST 


REFERENCE 

QUANTITY 

PART NUMBER 

DESCRIPTION 

MANUFACTURERS 

Cl, C2, C5, C7-C11 

8 

SR205C104KAA 

0.1 pF 50V X 7R Ceramic Capacitor 

Kemet 

C3,C4 

3 

TAP225K025SCS 

2.2pF 25V Tantalum Capacitor 

AVX 

C6 

1 

TAPI 06K0 10SCS 

lOpF 16V Tantalum Capacitor 

AVX 

J1-J3 

3 

NSH-3SB-S1-T 

3 X 1 Header 

Robinson Nugent 

PI 

1 

ED500/3DS 

3-Din Power Block 

On-Shore Technoloav 

P2 

1 

ED500/2DS 

2-pin Power Block 

On-Shore Technology 

P3, P4 

2 

KC-79-274-M06 

PCB Mount BNC Connector 

Kings 

P5 

1 

NSH-40DB-S1 -T 

20 X 2 Header 

Robinson Nugent 

P6 

1 

IDH-40LP-S3-TG 

20 X 2 Shrouded Header 

Robinson Nugent 

R1 

1 

5043EM33K20F 

33.2kQ 1/4W 1% MF Resistor 

Philips 

R4 

1 

5043EM200R0F 

200Q 1/4W 1% MF Resistor 

Philips 

R6-R8 

3 

5043EM499K0F 

4.99kO 1/4W 1% MF Resistor 

Philips 

R9 

1 

5043EM49R90F 

49.90 1/4W 1% MF Resistor 

Philips 

U1 

1 

ADS7805P 

16-Bit Sampling A/D Converter 

Burr-Brown 

U2 

1 

OPA671 

Op Amp 

Burr-Brown 

U3 

1 

74HC190 

4-Bit Decade Counter 

T.l. 

U4 

1 

74HC14 

Hex Schmitt Inverters 

T.l. 

U5, U6 

2 

74HC574 

8-Bit Latch 

T.l. 

U7 

1 

DOC-2-1 .000MHz 

1 .000MHz Crystal Oscillator 

Daiwa 


4 

MSB-2366-G-C-STP 

0.1 Centerline Shunt 

McKenzie 

U1 


DIP-32801 IB 

28-Pin Socket (0.3") 

McKenzie 

_U2 

1 J 

DIP-30801 IB 

8-Pin Socket 

McKenzie 


PACKING LIST 


REFERENCE 

QUANTITY 

ITEM 

DESCRIPTION 

MANUFACTURERS 

Demo Board 

1 

D EM- ADS7804/05C Fully 

assembled printed circuit board with ADS7805P inste 

tiled. Burr-Brown 

“ui 1 

1 

ADS7804P 

12-bit lOps Sampling CMOS A/D Converter 

Burr-Brown 

RV1 ,RV2 

2 

RJ26FW503 

50kQ 1/4" trimmer resistors 

Bourns 

R2 

1 

5043EM576kOF 

576kQ 1/4W 1% MF resistor 

Phillips 

R3 

1 

5043EM33KOF 

33.2kQ 1/4W 1% MF resistor 

Phillips 

ADS7806P 

1 

PDS-1156A 

ADS7804 Product Data Sheet 

Burr-Brown 

ADS7807P 

i 

PDS-1157A 

ADS7805 Product Data Sheet 

Burr-Brown 

Demo Board Info. 

1 

LI-448 

DEM-ADS7804/05C Manual 

Burr-Brown 


NOTE: (1) For reference only. Equivalent components may be used. 
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BURR - BROWN® 


DEM-ADS7806/07C 


EVALUATION FIXTURE 



FEATURES 


• 40kHz 12-BIT ADS7806P AND 16-BIT 
ADS7807P INCLUDED 

• 16-BIT BUFFERED PARALLEL OUTPUT 

• CONNECTOR FOR ALL DIGITAL I/O PINS 

• CRYSTAL OSCILLATOR BASED 40kHZ 
CONVERT COMMAND GENERATOR 

• EXTERNAL CONVERT COMMAND 
CONNECTOR 

• PROTOTYPE AREA 

APPLICATIONS 

• EVALUATE ADS7806P AND ADS7807P 
PERFORMANCE 

• BREADBOARD COMPLETE ANALOG 
SYSTEM 

• EVALUATE SIMPLE TWO LAYER PCB 
LAYOUT 

• INCOMING INSPECTION TEST FIXTURE 


DESCRIPTION 

The DEM-ADS7806/07C Evaluation Fixture is a fully 
assembled printed circuit board intended to evaluate 
the ADS7806P and ADS7807P. This device incorpo- 
rates an analog input amplifier (with provisions to 
bypass this amplifier), a parallel digital output buffer, 
a crystal oscillator based 40kHz convert command 
generator, an external convert command connector, 
and a 2.3" x 1 .2" breadboard area. The DEM-ADS7806/ 
07C achieves full converter performance on a two 
layer board. 

This fixture requires only a single +5V power supply. 
An optional bipolar power supply connector is 
provided for the input buffer and breadboarding. 
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HOW TO USE THIS MANUAL 

A table and diagrams are included in the “Factory Settings” 
section showing how the board is configured from the 
factory. A listing of other components, which are shipped 
with the board, is also included. 

The Step-by-Step Basic Operations section describes all of 
the options. At the end of each step, a figure illustrates 
factory settings. Items installed are highlighted in these 
figures. 

For further details on the OPA604, ADS7806P, ADS7807P 
or any other device on the DEM-ADS7806/07C, refer to the 
product data sheet for that device. 



The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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FIGURE 1. PCB Legend. 


FACTORY SETTINGS 

With a +5V supply connected to P2, the DEM-ADS7806/ on P5, and buffered full-parallel output on P6. The following 

07C starts converting at 40kHz and is set for an input range is a listing of “factory settings”, 

of ±10V. Byte-reading parallel or serial output can be read 


MAKE SELECTION 

FOR EACH STEP (1) 

FACTORY SETTINGS 

OTHER OPTIONS 

(requires alteration of the demo board, all needed components included.) 

1 . Device 

ADS7807P installed. 

ADS7806P included for installation. Switch jumper J4 and J5 to “06”. 

2. Input Amplifier 

OPA604 bypassed. 

Switching jumpers on J1 and J2 to “B” selects input amplifier. Apply ±15V to PI . 

3. Input Range 

±10V 

0V-5V and 0V-4V. 

Offset Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometer included for 
installation. See Step-by-Step Basic Operations, Step 3. 

Gain Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometer included for 
installation, See Step-by-Step Basic Operations, Step 3. 

4. Convert Command 

On-board 40kHz convert 
command generator connected 
to R/C. 

Apply external convert command generator, (<40kHz) to P4 
and switch J6 to “EXT”. 

5. Binary Format 

Binary Two’s Complement 

Removing the jumper from pin 1 to pin 2 of P5 selects Straight Binary format. 

6. Output Format 

12/16-bit Buffered Full Parallel Output (P6) 

12/16-bit Serial Output (P5) 

8-bit Byte-Reading Output (P5) 

7. Power Supplies 

2-pin Power Block (P2) ready for +5V. 

3-pin Power Block (PI ) ready for +15V (for use with bread- 
board and optional input amplifier). 

NOTE: (1) Each of these steps is explained in the Step-by-Step Basic Operations Section. 


TABLE I. Quick Reference to Factory Settings and Other Options. 
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FACTORY SETTINGS (CONT) 


Hardware 

Installed 

PI 

Yes 

P2 

Yes 

P3 

Yes 

P4 

Yes 

P5 

Yes 

P6 

Yes 

U1 

Yes 

U2 

Yes 

J1-6 

Yes 

J7 

No 


Comments 

3-pin Power Block 
2-pin Power Block 
PCB Mount BNC Connector 
PCB Mount BNC Connector 
20 X 2 Header 
20 X 2 Shrouded Header 
28-pin Socket for 
ADS7806P or ADS7807P 
8-pin Socket for OPA604 
3x1 Headers 

Refer to Step-by-Step 
Basic Operations, 

Step 4B 



FIGURE 2. Hardware Installed. 


Jumpers for: 

Setting 

Comments 

JI, J2 

“A” 

U2 (Input Amplifier 
Socket) bypassed 

J3 

“INT” 

Internal Data 
Clock Selected 

J4, J5 

“07” 

SetforADS7807P 

Operation 

J6 

“INT” 

Crystal On-Board 
Convert Com- 
mand Generator 
Selected (Outputs 
40kHz to R/C) 

P5 

Pin 33 to 34 

PWRD Tied LOW 

P5 

Pin 29 to 30 

CS Tied LOW 

P5 

Pin 25 to 26 

BYTE Tied LOW 

P5 

Pin 1 to 2 

SB/BTC Tied 

LOW 


BURR-BROWN CORP. 

ADS7806/07 
EVALUATION BOARD 


ji 


J2 



DATA 

CLK 

SELECT 


J4 J5 



DEVICE 

SELECT 



CONVERT 

COMMAND 

SELECT 



J7 not included 


FIGURE 3. Jumpers Installed. 
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FACTORY SETTINGS (CONT) 


ICs 

Installed 

Comments 

ADS7806P 

No 

Included in Package 

ADS7807P 

Yes 

Plugged into 28-pin 
Socket (U1) 

OPA604 

Yes 

Plugged into 8-pin 
Socket (U2) 

U3, U4 

Yes 

4-bit Shift Register 

U5 

Yes 

Hex Schmit Inverter 

U6 

Yes 

8-bit Shift Register 

U7 

Yes 

8-bit Latch 

U8 

Yes 

Dual Decade 
Counter 

U9 

Yes 

4.000MHz Crystal 
Oscillator 


BURR-BROWN CORP. 

ADS7806/07 
EVALUATION BOARD 






LHU 


FIGURE 4. ICs Installed. 


Resistors 

Installed 

Comments 



R1 

No 

2000 1/4W 1%ro 

o 

BURR-BROWN CORP 

R5 

No 

1000 1/4W 1%w 

ADS7806/07 
EVALUATION BOARD 

R2, R4, R6 

No 

33.2kO 1/4W -\%w 


O-.m.-o 

R9 

No 

1MO 1/4W 


O- R2 -o 

•- R3-e 

R11 

No 

49.90 1/4W 1 %^ 


o- R4 — O 

R3 

R7 

Yes 

Yes 

2000 1/4W 1% 

1000 1/4W 1% 

W 

O-Rll-O C1 @ 

C2 O R0 -Oo 

R8 

Yes 

66.5kO 1/4W 1% 


RIO, R12-15.R17 

Yes 

lOkO 1/4W 1% 


3 

R16 

Yes 

49.90 1/4W 1% 



Potentiometers 

Installed 

Comments 



RV1 - RV3 

No 

50kO 



Capacitors 

Installed 

Comments 



C1,C2, C6-13 

Yes 

0.1 pF (50V) 



C3, C4 

Yes 

2.2pF (25V) 



C5 

Yes 

lOpF (10V) 

@C7 

C8^ 

NOTE: (1) Included in Package. 







•- Rl7-«ftC10 



FIGURE 5. Resistors and Capacitors Installed. 
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STEP-BY-STEP 
BASIC OPERATIONS 

Step 1 — ADS7806P or ADS7807P 

A) To test the ADS7806P, set jumpers J4 and J5 to the “06” 
position and install an ADS7806P into Ul. 

B) To test the ADS7807P, set jumpers J4 and J5 to the “07” 
position and install an ADS7807P into Ul. 

Factory Setting: J4 and J5 set to “07”, C3, C4, C5, C6 and 
28-pin socket (Ul) soldered to the board. ADS7807P plugged 
into socket (Ul). 



Step 2 — On-Board Input Amplifier 

To use the on-board input amplifier, jumpers J1 and J2 must 
be set to the “B” position, and PI (Optional Power) must be 
supplied with ±15V. The factory setting of the amplifier 
yields an inverting gain of two. Combinations of resistors 
R12, R13, and R14 will affect the gain of the amplifier as 
follows: 

Gain = - (R14)/(R12 II R13) 

NOTE: The on-board input amplifier may improve the 
quality of the signal reaching the ADS7806P or ADS7807P. 
This depends on the output characteristics of the signal 
generator. 

Factory Setting: J1 and J2 set to “A”, bypassing the ampli- 
fier, R12, R13, R14, Cl, C2 and 8-pin socket (U2) soldered 
to the board. OPA604 plugged into socket (U2). 



Step 3 — Input Range, Offset/Gain Adjust 
Input Range 


A) Using Table II, choose the input voltage range for your 
application. Note that using the optional input amplifier 
will directly affect the input voltage seen at the con- 
verter input (factory setting for the gain of the amplifier 
is -2V/V). 

Install the proper resistors. 

Offset Adjust 

B) To adjust offset, install the proper potentiometer and 
resistors, ground the input, then adjust the pot accord- 
ingly (see Table II and Figure 8). 


Gain Adjust 

C) To adjust gain, install the proper potentiometer and 
resistors, then adjust the pot accordingly. Do this for +FS 
and -FS (see Table II and Figure 8). 


NOTE: Offset directly affects the gain. Always trim offset 
first. For maximum precision, more than one iteration of 
those adjustments may be required. 



FOR ±10V 
INPUT RANGE 

FOR 0V TO 5V 
INPUT RANGE 

FOR 0V TO 4V 
INPUT RANGE 

Ref Des. 
Value 

With 

Trim 

Without 

Trim 

With 

Trim 

Without 

Trim 

With 

Trim 

Without 

Trim 

R1 (200£2) 



Install 

Install 



R2 (33.2kO) 



Install* 1 * 


Install* 1 * 


R3 (200Q) 

Install 

Install 



Install 

Install 

R4 (33.2kft) 




Install 


Install 

R5(100Q) 



Install 

Install 

Install 

Install 

R6 (33.2kQ) 

Install* 1 * 






R7(100Q) 

Install 

Install 





R8 (66.5kO) 


Install 





R9 (1MQ) 

Install* 2 * 


Install* 2 * 


Install* 2 * 


RV1 (50kQ) 



Install* 1 * 


Install* 1 * 


RV2(50kO) 

Install* 1 * 






RV3 (50k£2) 

Install* 2 * 


Install* 2 * 


Install* 2 * 



NOTES: (1) Components associated with offset trim. (2) Components asso- 
ciated with gain trim. 


TABLE II. Input Ranges With and Without Trim. 


Factory Setting: ±10V input range without offset/gain trim, 
R3, R7 and R8 soldered into board. 

Note: RIO soldered to the board but not involved with input 
range. RIO functions as a pull-up resistor for SB/BTC 
pin. 



^mo- ri-O 
> Ed O R 2 -o 
* UJ R3 -• 

S O R4 -O 
OR5-0 
0-R6-0 
•- R7 -• 


m«- m-m 
”0 o R9 -o 
IQJ#-rio-# 



FIGURE 8. Factory Setting for Step 3. 
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Step 4 — On-Board or External Convert Command 
Generator? 

A) J6 set to “INT” selects the on-board convert command 
generator operating at 40kHz (divided down from 4MHz 
by U8). 

B) J6 set to “EXT” selects an external convert command 
generator. Apply a negative-going pulse, 100ns in dura- 
tion, to P4 (External Convert Command). This connector 
is terminated on the board with a 50Q resistor (R16). 
Adjust the voltage of the generator for a 0V to 5V swing 
and the pulse rate to the desired frequency (< 40kHz). 

NOTE: When using an external convert command, the trace 
powering the on-board convert command generator can be 
cut to eliminate any noise contributions due to the oscillator. 
To reconnect the power, install a jumper at J7. 

Factory Setting: J6 set to “INT”, conversions synchronized 
to on-board convert command generator at 40kHz. P4, R15, 
R16, Cl 2, C13,U8 and U9 soldered to the board. 

NOTE: R15 installed but not involved with the internal/ 
external convert command. 



FIGURE 9. Factory Settings for Step 4. 


Step 5 — SB or BTC Format? 

A) To get data in Binary Two’s Complement format, place 
a jumper from pin 1 to pin 2 on P5. 

B) To get data in Straight Binary format, remove the jumper 
from pin 1 to pin 2 on P5. 

Factory Setting: Pin 1 jumpered to pin 2 on P5, output 
format is Binary Two’s Complement. 

NOTE: Pins 25, 29 and 33 also have jumpers but are not 
involved in the output format. 



FIGURE 10. Factory Settings for Step 5. 


P5 

oo 

+5 

oo 

+5 

oo 

REFD 

•* 

PWRD 

oo 

BUSY 

•• 

cs 

oo 

R/C 

«• 

BYTE 

oo 

TAG 

oo 

SDATA 

oo 

DATACLK 

oo 

DO 

oo 

D1 

oo 

D2 

oo 

D3 

oo 

D4 

oo 

D5 

oo 

D6 

oo 

D7 

M 

SB/BTC 


Step 6 — Parallel or Serial Output? 

Serial Output 

A) To use the internal data clock, set J3 to “INT”. Data from 
the last conversion will be clocked out on pin 21 of P5 at 
the start of a conversion synchronized to: 

• 12 clock pulses output on pin 19 of P5 (ADS7806P) 

• 16 clock pulses output on pin 19 of P5 (ADS7807P) 

Data is valid on both the rising and falling edges of the 
internal data clock. Using the internal clock is preferred 
to optimize system performance. 

B) To use an external data clock, set J3 to “EXT” and apply 
an external clock to pin 19 of P5. Data will be output on 
pin 21 of P5 synchronized to: 

• 12 clock pulses input on pin 19 of P5 (ADS7806P) 

• 16 clock pulses input on pin 19 of P5 (ADS7807P) 

The frequency of the external clock must not exceed 
10MHz. A duty cycle of 40% to 60% is suggested. 
BUSY (pin 31 of P5) can be used to latch the data. The 
data will always be from the most recently completed 
conversion. 

Parallel Output 

C) P5 outputs byte-reading parallel data on pins 3, 5 ...15, 
17. Refer to the PDS of the ADS7806P and ADS7807P 
for specific details on the MSB and LSB locations. If pin 
25 of P5 is: 

• LOW, the 8 MSBs will be present on the output 

• HIGH, the 8 LSBs will be present on the output 

Data will be from the most recently completed conver- 
sion. 

D) P6 outputs 16-bit buffered parallel data converted from 
serial to parallel via U3, U4, U6, and U7. Data can be 
acquired on pins: 

• 1 (MSB), 3 ... 21, 23 (LSB) with pins 25, 27, 29 and 
31 outputting LOWs for the ADS7806P 

• 1 (MSB), 3 ... 29, 31 (LSB) for the ADS7807P 
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A rising edge pulse will be output on pin 33 (DATA 
VALID) of P6 signifying the end of a conversion and that 
data is valid. Data will be from the most recently com- 
pleted conversion. Be sure pin 25 of P5 is tied to pin 26 
of P5 with a jumper. This puts the MSB on pin 1 of P6. 

Factory Setting: J3 set to “INT”. Pin 25 jumpered to pin 26 
on P5. P5, P6, U3, U4, U6, and U7 soldered to the board. 

NOTE: Pins 1, 29, and 33 of P5 have jumpers but are not 
involved with the output format. 



FIGURE 11. Factory Settings for Step 6. 


Step 7 — Power Supplies? 

A) A 5V power supply connected to P2 (POWER), is all 
that is required to operate the DEM-ADS7806/07C. 

B) If the optional amplifier is used, PI must be supplied with 
power (OPA604 requires at least ±15 V for this applica- 
tion). 

Factory Setting: PI and P2 connectors soldered to the board 

and ready for connection to the appropriate power supplies. 


-V GND +V GND +5 



FIGURE 12. Factory Settings for Step 7. 

OTHER OPTIONS 

The following pins on P5 serve optional functions of the 
ADS7806P or ADS7807P: 

REFD pin 35 

PWRD pin 33 

CS pin 29 

TAG pin 23 

Refer to ADS7806P and ADS7807P product data sheets for 
the description of these options. 

Factory Setting: REFD connected to pull-down resistor 
R15. PWRD tied LOW with jumper from pin 33 to pin 34. 
CS tied LOW with jumper from pin 29 to pin 30. TAG, no 
jumper. 

NOTE: R15 is the pull-down resistor for REFD. R16 is not 
involved with these functions. 



ft > 


JOO 

•• 

loo 

•• 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 


MB SB/BTC 



FIGURE 13. Factory Settings for Other Options. 
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NOTE: This circuit diagram includes the offset and gain circuitry for all input ranges. 
Refer to pages 3, 4 and 5 for the factory settings. 


U5 



Digital I/O 
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PIN ADS7806/07P FUNCTION 

2 GND 

4 GND 

6 GND 

8 ~ GND 

10 GND 

12 GND 

14 GND 

16 GND 

18 GND 

20 GND 

22 GND 

24 GND 

26 GND 

28 GND 

30 GND 

32 GND 

34 GND 

36 GND 

38 GND 

40 _ GND 

tal I/O Connectors (P5) Pin 25 
P5 (BYTE is LOW). 


TABLE IV. Pinout of the Buffered Parallel Output. Pin 25 
Tied to pin 26 of P5 (BYTE is LOW). 



FIGURE 15. PCB Component Side. 
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PIN 

ADS7806P FUNCTION 

ADS7807P FUNCTION 

PIN 

ADS7806/07P 

FUNCTIONS 

1 

Bit 1 (MSB) 

Bit 1 (MSB) 

2 

GND 

3 

Bit 2 

Bit 2 

4 

GND 

5 

Bit 3 

Bit 3 

6 

GND 

7 

Bit 4 

Bit 4 

8 

GND 

9 

Bit 5 

Bit 5 

10 

GND 

11 

Bit 6 

Bit 6 

12 

GND 

13 

Bit 7 

Bit 7 

14 

GND 

15 

Bit 8 

Bit 8 

16 

GND 

17 

Bit 9 

Bit 9 

18 

GND 

19 

Bit 10 

Bit 10 

20 

GND 

21 

Bit 1 1 

Bit 1 1 

22 

GND 

~23 

Bit 12(LSB) 

Bit 12 

24 

GND 

25 

Tag 1 (1) 

Bit 13 

26 

GND 

27 

Tag 2< 1 »: 

Bit 14 

28 

GND 

29 

Tag 3 (1) 

Bit 15 

30 

GND 

31 

Tag 4 (1) 

Bit 16 (LSB) 

32 

GND 

33 

DATA VALID 

DATA VALID 

34 

GND 

35 

NC 

NC 

36 

GND 

37 

NC 

NC 

38 

GND 

39 

GND 

GND 

40 

GND 


NOTE: (1) Tag data will appear when clocking out more than 12 bits of data 
for the ADS7806P using an external data clock. Refer to the product data 
sheet. 



TABLE III. Pinout of the Digi 
Tied to pin 26 of 
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FIGURE 16. PCB Solder Side. 
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INSTALLED COMPONENT LIST 


REFERENCE 

QUANTITY 

PART NUMBER 

DESCRIPTION 

MANUFACTURER' 1 ) 

Cl , C2, C6-13 

10 

SR205C104KAA 

0.1 pF 50VX7R Ceramic Capacitor 

AVX 

C3, C4 

2 

TAP225K025SCS 

2.2pF 25V Tantalum Capacitor 

AVX 

C5 

1 

TAP106K010SCS 

lOpF 10V Tantalum Capacitor 

AVX 

J1-J6 

6 

NSH-3SB-S1-T 

3 X 1 Header 

Robinson Nugent 

PI 

1 

ED500/3DS 

3-Din Power Block 

On-Shore Technoloav 

P2 

1 

ED500/2DS 

2-pin Power Block 

On-Shore Technology 

P3, P4 

2 

KC-79-274-M06 

PCB Mount BNC Connector 

Kings 

P5 

1 

NSH-40DB-S1-T 

20 X 2 Header 

Robinson Nugent 

P6 

1 

IDH-40LP-S3-TG 

20 X 2 Shrouded Header 

Robinson Nugent 

R3 

2 

5063JD200R0F 

2000 1/4W 1% MF Resistor 

Philips 

RIO, R12-15, R17 

6 

5063JD10K00F 

lOkO 1/4W 1% MF Resistor 

Philips 

R16 

1 

5063JD49R90F 

49.90 1/4W 1% MF Resistor 

Philips 

R7 

1 

5063JD100R0F 

1000 1/4W 1% MF Resistor 

Philips 

R8 

1 

5063JD66K50F 

66.5kO 1/4W 1% MF Resistor 

Philips 

U1 

1 

ADS7807P 

16-Bit Sampling A/D 

Burr-Brown 

U2 

1 

OPA604 

Op Amp DIP 

Burr-Brown 

U3, U4 

2 

74HC194 

4-Bit Shift Register 

T.l. 

U5 

1 

74HC14 

Hex Schmit Inverters 

T.l. 

U6 

1 

74HC594 

8-Bit Shift Register 

T.l. 

U7 

, 1 

74HC574 

8-Bit Latch DIP 

T.l. 

U8 

1 

74HC390 

Dual Decade Counter 

T.l. 

U9 

1 

F1100E 4.000MHz 

4.000MHz Crystal Oscillator 

Fox 


7 

MSB-2366-G-C-STP 

0.1 Center Line Shunt 

McKenzie 

U1 

1 

DIP-32801 IB 

28-Pin Socket (0.3") 

McKenzie 

U2 

1 

DIP-30801 IB 

8-Pin Socket 

Mckenzie 


NOTE: (1) For reference only. Equivalent components may be used. 


PACKING LIST 


REFERENCE 

QUANTITY 

ITEM 

DESCRIPTION 

MANUFACTURER' 1 ’ 

Demo Board 

1 

DEM-ADS7806/07C 

Fully assembled printed circuit board with 
ADS7807P installed 

Burr-Brown 

U1 

1 

ADS7806P 12-bit 25ps Sampling CMOS A/D Converter Burr-Brown ! 

RV1-RV3 

2 

RJ26FW503 50kO 1 .4" trimmer resistors (for gain and offset adjust] 

Bourns 

R1 

1 

5063JD200ROF 

2000 1/4W 1% MF resistor 

Phillips 

R2 R4, R6 

3 

506JD33k2OF 

33.2kO 1/4W 1% MF resistor 

Phillips 

R5 

1 

5063JD100ROF 

1000 1/4W 1% MF resistor 

Phillips 

R9 

1 

5063JD1 M000F 

1 MO 1/4W 1% MF resistor 

Phillips 

R11 

1 

506JD49R9OF 

49.90 1/4W 1% MF resistor 

Phillips 

ADS7807P 

1 

PDS-1158B 

ADS7806P Product Data Sheet 

Burr-Brown 

ADS7806P 

1 

PDS-1159B 

ADS7807P Product Data Sheet 

Burr-Brown 

Demo Board Info 

1 

LI-447 

DEM-ADS7806/07C Manual 

Burr-Brown 


NOTE: (1) For reference only. Equivalent components may be used. 
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FEATURES 

• 100kHz 12-BIT ADS7808P AND 16-BIT 
ADS7809P INCLUDED 

• 16-BIT BUFFERED PARALLEL OUTPUT 

• CONNECTOR FOR ALL DIGITAL I/O PINS 

• CRYSTAL OSCILLATOR BASED 100kHz 
CONVERT COMMAND GENERATOR 

• EXTERNAL CONVERT COMMAND 
CONNECTOR 

• PROTOTYPE AREA 

APPLICATIONS 

• EVALUATE ADS7808P AND ADS7809P 
PERFORMANCE 

• BREADBOARD COMPLETE ANALOG 
SYSTEM 

• EVALUATE SIMPLE TWO LAYER PCB 
LAYOUT 

• INCOMING INSPECTION TEST FIXTURE 


DESCRIPTION 

The DEM-ADS7808/09C Evaluation Fixture is a fully 
assembled printed circuit board intended to evaluate 
the ADS7808P and ADS7809P. This device incorpo- 
rates an analog input amplifier (with provisions to 
bypass this amplifier), a parallel digital output buffer, 
a crystal oscillator based 100kHz convert command 
generator, an external convert command connector, 
and a 2.3" X 1.2" breadboard area. The DEM-ADS7808/ 
09C achieves full converter performance on a two 
layer board. 

This fixture requires only a single +5V power supply. 
An optional bipolar power supply connector is 
provided for the input amplifier and breadboarding. 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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HOW TO USE THIS MANUAL 

A table and diagrams are included in the “Factory Settings” 
section showing how the board is configured from the 
factory. A listing of other components, which are shipped 
with the board, is also included. 

The Step-by-Step Basic Operations section describes all of 
the options. At the end of each step, a figure illustrates 
factory settings. Items installed are highlighted in these 
figures. 

For further details on the OPA671, ADS7808P, ADS7809P 
or any other device on the DEM-ADS7808/09C, refer to the 
product data sheet for that device. 


A 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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FIGURE 1. PCB Legend. 


FACTORY SETTINGS 

With a +5V supply connected to P2, the DEM-ADS7808/ parallel output on P6. The following is a listing of “factory 
09C starts converting at 100kHz and is set for an input range settings”, 

of ±10V. Serial output can be read on P5, and buffered full- 


MAKE SELECTION 

FOR EACH STEP (1) 

— 

FACTORY SETTINGS 

OTHER OPTIONS 

(requires alteration of the demo board, all needed components included.) 

1 . Device 

ADS7809P installed. 

ADS7808P included for installation. Switch jumper J4 and J5 to “08”. 

2. Input Amplifier 

OPA671 bypassed. 

Refer to step 2 for op amp configurations. Apply ±1 5V to PI . 

3. Input Range 

±10V 

±5V, ±3.33V, 0-1 0V, 0-5V, 0-4V. 

Offset Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometer included for 
installation. See Step-by-Step Basic Operations, Step 3. 

Gain Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometer included for 
installation, See Step-by-Step Basic Operations, Step 3. 

4. Convert Command 

On-board 1 00kHz convert 
command generator connected 
to R/C. 

Apply external convert command generator, (<1 00kHz) to P4 
and switch J6 to “EXT”. 

5. Binary Format 

Binary Two’s Complement 

Removing the SB/BTC jumper from P5 selects Straight Binary format. 

6. Output Format 

12/16-bit Buffered Full Parallel Output (P6) 

12/1 6-bit Serial Output (P5) 

7. Power Supplies 

2-pin Power Block (P2) ready for +5V. 

3-pin Power Block (PI) ready for±15V (for use with bread- 
board and optional input amplifier). 

NOTE: (1) Each of these steps is explained in the Step-by-Step Basic Operations Section. 


TABLE I. Quick Reference to Factory Settings and Other Options. 
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FACTORY SETTINGS (CONT) 


Hardware 

Installed 

Comments 

PI 

Yes 

3-pin Power Block 

P2 

Yes 

2-pin Power Block 

P3 

Yes 

PCB Mount BNC Connector 

P4 

Yes 

PCB Mount BNC Connector 

P5 

Yes 

13X2 Header 

P6 

Yes 

20 X 2 Shrouded Header 

U1 

Yes 

20-pin Socket for 



ADS7808P or ADS7809P 

U2 

Yes 

8-pin Socket for OPA671 

J1-J6 

Yes 

3x1 Headers 

J7 

No 

Refer to Step-by-Step 

Basic Operations, 

Step 4B 



FIGURE 2. Hardware Installed. 


Jumpers for: 

Setting 

Comments 

J1, J2, J3 

“BC”, “DE”, “BC” 

U2 (Input Amplifier 
Socket) bypassed 

J4, J5 

“09” 

SetforADS7809P 

Operation 

J6 

“INT” 

Crystal On-Board 


Convert Com- 
mand Generator 
Selected (Outputs 
100kHz to R/C) 


P5 

Pin 19 to 20 

PWRD Tied LOW 

P5 

Pin 15 to 16 

CS Tied LOW 

P5 

Pin 3 to 4 

SB/BTC Tied 



LOW 

P5 

Pin 1 to 2 

Internal Data 


Clock Selected 



FIGURE 3. Jumpers Installed. 
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FACTORY SETTINGS (CONT) 


ICs 

Installed 

Comments 

ADS7808P 

No 

Included in Package 

ADS7809P 

Yes 

Plugged into 20-pin 
Socket (U1) 

OPA671 

Yes 

Plugged into 8-pin 
Socket (U2) 

U3, U4 

Yes 

4-bit Shift Register 

U5 

Yes 

Hex Schmit Inverter 

U6 

Yes 

8-bit Shift Register 

U7 

Yes 

8-bit Latch 

U8 

Yes 

Dual Decade 
Counter 

U9 

Yes 

1 .000MHz Crystal 
Oscillator 
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EVALUATION BOARD 
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FIGURE 4. ICs Installed. 


Resistors 

Installed 

Comments 

R1 

No 

200Q 1/4W 1%<’> 

R2, R6, R12 

No 

33.2kO 1/4W 1%fl> 

R7, RIO 

No 

0£2 Jumper 1/4W* 1 ) 

R11 

No 

576kQ 1/4W 1%W 

R5, R13 

No 

100Q 1/4W 

R3 

Yes 

200Q 1/4W W' 

R4 

Yes 

100Q 1/4W 1% 

R8 

Yes 

33.2kQ 1/4W 1% 

R9 

Yes 

OQ Jumper 1/4W 

R14 

No 

Termination Resistor 

R15-R17 

Yes 

4.99kQ 1/4W 1% 

R18 

Yes 

49.9Q 1/4W 1% 

R19-R21 

Yes 

lOkO 1/4W 1% 

Potentiometers 

Installed 

Comments 

RV1, RV2 

No 

50kQ 1/4" 10-turn (1) 

Capacitors 

Installed 

Comments 

C3, C4, 

Yes 

2.2pF (25V) Tantalum 

Cl, C2, C6-C13 

Yes 

0.1 pF (50V) Ceramic 

C5 

Yes 

lOpF (10V) Tantalum 


NOTE: (1) Included in Package. 



FIGURE 5. Resistors and Capacitors Installed. 
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STEP-BY-STEP 
BASIC OPERATIONS 

Step 1 — ADS7808P or ADS7809P 

A) To test the ADS7808P, set jumpers J4 and J5 to the “08” 
position and install an ADS7808P into Ul. 

B) To test the ADS7809P, set jumpers J4 and J5 to the “09” 
position and install an ADS7809P into Ul. 

Factory Setting: J4 and J5 set to “09”, C3, C4, C5, C6 and 
20-pin socket (Ul) soldered to the board. ADS7809P plugged 
into socket (Ul). 



FIGURE 6. Factory Settings for Step 1 . 


Step 2 — On-Board Input Amplifier 

To use the on-board input amplifier, supply PI (Optional 
Power) with ±15V and move jumpers J1-J3 as follows: 

Inverting Gain 

Set jumpers J1 and J3 to AB and jumper J2 to DE (fig 6A) 
or EF (Fig 6B). 


-R17- 


(A) 


•-RIS-OBfNT 7 ]® 

A [95] D • 

bEBBe •[ m 

I cIqIqIf O 

J1J2 ci 


U2 


(B) 


-R17- 


•-R15-5 ■F^Tf® 

~ -• • i C2 

■ ' pm a 

B 
C 


F Cl U2 


J1J2 


FIGURES 6a. and 6b. 


The factory setting of the amplifier and resistors yields an 
inverting gain of two. Combinations of resistors R15, R16, 
and R17 will affect the gain as follows: 

Gain = -(R17) / (R15 II R16) 

Non-Inverting Gain 

Set jumber J3 to AB and combine J1 and J2 to connect B 
to E and A to D. 



The factory setting of the amplifier and resistors yields a 
gain of three. Combinations of R15, R16, and R17 will 
affect the gain as follows: 


Gain = 


[R17 + (R15 IIR16)] 
(R15II R16) 


NOTE: The on-board input amplifier may improve the 
quality of the signal reaching the ADS7808P or ADS7809P. 
This depends on the output characteristics of the signal 
generator. 

Factory Setting: J1 and J3 set to BC and J2 set to DE, 
bypassing the amplifier. R15, R16, R17, Cl, C2 and 8-pin 
socket (U2) soldered to the board. OPA671 plugged into 
socket (U2). 



FIGURE 7. Factory Settings for Step 2. 


Step 3 — Input Range, Offset/Gain Adjust 
Input Range 

A) Using Table II for bipolar ranges and Table III for 

unipolar ranges, choose the input voltage range for your 
application. Note that using the optional input amplifier 
will directly affect the input voltage seen at the con- 
verter input. (Refer to Step 2 for the gain of the ampli- 
fier in both the inverting and non-inverting configura- 
tions). Install the proper resistors. ] 

Offset Adjust I 

B) To adjust offset, install the proper potentiometer and 
resistors, ground the input, then adjust the pot accord- 
ingly (see Table II and Figure 8). 

Gain Adjust 

C) To adjust gain, install the proper potentiometer and 
resistors, then adjust the pot accordingly. Do this for +FS 
and -FS (see Table II and Figure 8). 

NOTE: Offset directly affects the gain. Always trim offset 

first. For maximum precision, more than one iteration of 

those adjustments may be required. 

Factory Setting: +10V input range without offset/gain trim, 

R3, R4, R8 and R9 soldered into board. 
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FOR ±1 0V 
INPUT RANGE 

FOR ±5V 
INPUT RANGE 

FOR ±3.33V 
INPUT RANGE 

Ref. Des. 

Value 

With 

Trim 

Without 

Trim 

With 

Trim 

Without 

Trim 

With 

Trim 

Without 

Trim 

R1 (2000) 



Install 

Install 



R2 (33.2kO) 



Install* 2 ) 




R3 (2000) 

Install 

Install 



Install 

Install 

R4 (1000) 

Install 

Install 





R5 (1000) 



Install 

Install 

Install 

Install 

R6 (33.2kO) 

Install* 2 ) 




Install* 2 ) 


R7 (OO) 







R8 (33.2kO) 


Install 




Install 

R9 (OO) 

Install 

Install 

Install 

Install 

Install 

Install 

RIO(OO) 







R11 (576kO) 

Install* 1 ) 


Install* 1 ) 


Install* 1 ) 


R12(33.2kO) 




Install 



R13 (1000) 







RV1 (50kO) 

Install* 1 ) 


Install* 1 ’ 


Install* 1 * 


RV2(50kO) 

Install* 2 ) 


Install* 2 ) 


Install* 2 ' 


NOTES: (1) Components associated with gain trim. (2) Components associ- 
ated with offset trim. 


TABLE II. Bipolar Input Ranges With and Without Trim. 


Step 4 — On-Board or External Convert Command 
Generator? 

A) J6 set to “INT” selects the on-board convert command 
generator operating at 100kHz (divided down from 1MHz 
by U8). 

B) J6 set to “EXT” selects an external convert command 
generator. Apply a negative-going pulse, 100ns in dura- 
tion, to P4 (External Convert Command). This connector 
is terminated on the board with a 5 Of! resistor (R18). 
Adjust the voltage of the generator for a 0V to 5V swing 
and the pulse rate to the desired frequency (< 100kHz). 

NOTE: When using an external convert command, the trace 
powering the on-board convert command generator can be 
cut to eliminate any noise contributions due to the oscillator. 
To reconnect the power, install a jumper at J7. 

Factory Setting: J6 set to “INT”, conversions synchronized 
to on-board convert command generator at 100kHz. P4, 
R18,C12, C13,U8 and U9 soldered to the board. 



FOR 0 TO 10V 
INPUT RANGE 

FOR OV TO 5V 
INPUT RANGE 

FOR OV TO 4V 
INPUT RANGE 

Ref. Des. 
Value 

With 

Trim 

Without 

Trim 

With 

Trim 

Without 

Trim 

With 

Trim 

Without 

Trim 

R1 (2000) 

Install 

Install 

Install 

Install 



R2 (33.2kO) 

Install* 2 * 


Install* 2 ’ 




R3 (2000) 





Install 

Install 

R4 (1000) 



Install 

Install 

Install 

Install 

R5 (1000) 

Install 

Install 





R6 (33.2kO) 





Install* 2 ’ 


R7 (OO) 



Install 

Install 

Install 

Install 

R8 (33.2kO) 






Install 

R9 (OO) 







RIO (OO) 

Install 

Install 





R11 (576kO) 

Install* 1 ' 


Install* 1 ’ 


Install* 1 ’ 


R12(33.2kO) 


Install 


Install 



R1 3(1000) 







RV1 (50kO) 

Install* 1 ) 


Install* 1 ’ 


Install* 1 ) 


RV2(50kO) 

Install* 2 ' 


Install* 2 ) 


Install* 2 ’ 


NOTES: (1) Components associated with gain trim. (2) Components associ- 
ated with offset trim. 


TABLE III. Unipolar Input Ranges With and Without Trim. 



FIGURE 9. Factory Setting for Step 4. 


Step 5 — SB or BTC Format? 

A) To get data in Binary Two’s Complement format, place 
a jumper from pin 3 to pin 4 on P5. 

B) To get data in Straight Binary format, remove the jumper 
from pin 3 to pin 4 on P5. 

Factory Setting: Pin 3 jumpered to pin 4 on P5, output 
format is Binary Two’s Complement. 

NOTE: Pins 1, 15 and 19 also have jumpers but are not 
involved in the binary output format. 
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FIGURE 10. Factory Setting for Step 5. 


Step 6 — Parallel or Serial Output? 

Serial Output 

A) To use the internal data clock, place a jumper from pin 
1 to pin 2 on P5. Set J6 to “INT”. Data from the last 
conversion will be clocked out on pin 9 of P5 at the start 
of a conversion synchronized to: 

• 12 clock pulses output on pin 7 of P5 (ADS7808P) 

• 16 clock pulses output on pin 7 of P5 (ADS7809P) 

Data is valid on both the rising and falling edges of the 
internal data clock. Using the internal clock is preferred 
to optimize system performance. 

B) To use an external data clock, remove the jumper from 
pin 1 to pin 2 on P5 and apply an external clock to pin 7 
of P5. A positive SYNC pulse_will follow a read com- 
mand (rising edge on R/C with CS LOW or a falling edge 
on CS with R/C HIGH). The MSB will be valid on the 
first rising or falling edge of the external data clock after 
SYNC goes LOW. Data will be output on pin 9 of P5 
synchronized to: 

• 12 clock pulses input on pin 7 of P5 (ADS7808P) 

• 16 clock pulses input on pin 7 of P5 (ADS7809P) 

The frequency of the external clock must not exceed 
10MHz. A duty cycle of 40% to 60% is suggested. BUSY 
(pin 17 of P5) can be used to latch the data. The data will 
always be from the most recently completed conversion. 


NOTE: Pins 3, 15, and 19 of P5 have jumpers but are not 
involved with the output format. R21 is a pull-up resistor for 
the EXT/INT pin on the converter. 



FIGURE 11. Factory Settings for Step 6. 


Step 7 — Power Supplies? 

A) A 5V power supply connected to P2 (POWER), is all 
that is required to operate the DEM-ADS7808/09C. 

B) If the optional amplifier is used, PI must be supplied with 
power (OPA671 requires at least ±15V for this applica- 
tion when using ±10V input range). 

Factory Setting: PI and P2 connectors soldered to the board 

and ready for connection to the appropriate power supplies.! 


Parallel Output 

C) P6 outputs 16-bit buffered parallel data converted from 
serial to parallel via U3, U4, U6, and U7. Data can be 
acquired on pins: 

• 1 (MSB), 3 ... 21, 23 (LSB) with pins 25, 27, 29 and 
31 outputting LOWs for the ADS7808P 

• 1 (MSB), 3 ... 29, 31 (LSB) for the ADS7809P 

A rising edge pulse will be output on pin 33 (DATA 
VALID) of P6 signifying the end of a conversion and that 
data is valid. Data will be from the most recently com- 
pleted conversion. Be sure pin 1 is tied to pin 2 of P5 with 
a jumper. This selects the internal data clock. Serial data 
will be converted to parallel. 

Factory Setting: Pin 1 jumpered to pin 2 on P5. P5, P6, U3, 

U4, U6, and U7 soldered to the board. 



FIGURE 12. Factory Settings for Step 7. 
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OTHER OPTIONS 

The following pins on P5 serve optional functions of the 
ADS7808P or ADS7809P: 

PWRD pin 19 

CS pin 15 

TAG pin 11 

Refer to ADS7808P and ADS7809P product data sheets for 

the description of these options. 

Factory Setting: PWRD tied LOW with jumper from pin 19 
to pin 20. CS tied LOW with jumper from pin 15 to pin 16. 
TAG, no jumper. 



FIGURE 13. Factory Settings for Other Options. 
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PIN 

ADS7808/09P FUNCTION 

PIN 

ADS7808/09PFUNCTION 

1 

Bit 1 (MSB) 

2 

GND 

3 

Bit 2 

4 

GND 

5 

Bit 3 

6 

GND 

7 

Bit 4 

8 

GND 

9 

Bit 5 

10 

GND 

11 

Bit 6 

12 

GND 

13 

Bit 7 

14 

GND 

15 

Bit 8 

16 

GND 

17 

Bit 9 

18 

GND 

19 

Bit 10 

20 

GND 

21 

Bit 11 

22 

GND 

23 

Bit 12 

24 

GND 

25 

Bit 13 

26 

GND 

27 

Bit 14 

28 

GND 

29 

Bit 15 

30 

GND 

31 

Bit 1 6 (LSB) 

32 

GND 

33 

DATA VALID 

34 

GND 

35 

NC 

36 

GND 

37 

NC 

38 

GND 

39 

GND 

40 

GND 

NOTE: (1 ) Tag data will appear when clocking out more than 1 2 bits of data 

for the ADS7808P, or 16 bits of data for the ADS7809P, using an external 
data clock. Refer to the product data sheet. 


TABLE IV. Pinout of the Buffered Parallel Output Connector 

(P6). 


PIN 

ADS7808/09P FUNCTION 

PIN 

ADS7808/09P FUNCTION 

1 

EXT/INT 

2 

GND 

3 

SB/BTC 

4 

GND 

5 

SYNC 

6 

GND 

7 

DATACLK 

8 

GND 

9 

DATA 

10 

GND 

11 

TAG 

12 

GND 

13 

R/C 

14 

GND 

15 

CS 

16 

GND 

17 

BUSY 

18 

GND 

19 

PWRD 

20 

GND 

21 

+5 

22 

GND 

23 

+5 

24 

GND 

25 

NC 

26 

NC 


TABLE III. Pinout of the Digital I/O Connector (P5). 



FIGURE 15. PCB Component Side 
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INSTALLED COMPONENT LIST 


REFERENCE 

QUANTITY 

PART NUMBER 

DESCRIPTION 

MANUFACTURERS 

C3, C4 

2 

TAP225K025SCS 

2.2pF 25V Tantalum Capacitor 

AVX 

Cl, C2, C6-C13 

10 

SR205C104KAA 

0.1 pF 50V X7R Ceramic Capacitor 

Kemet 

C5 

1 

TAPI 06KO1 OSCS 

lOpF 10V Tantalum Capacitor 

AVX 

J1-J6 

6 

NSH-3SB-S1-T 

3x1 0.1" Header 

Robinson Nugent 

PI 

1 

ED500/3DS 

3-Terminal Power Block 

On-Shore Tech. 

P2 

1 

ED500/2DS 

2-Terminal Power Block 

On-Shore Tech. 

P3.P4 

2 

KC-79-274-M06 

PC Mount BNC Connector 

Kinas 

P5 

1 

NSH-26-DB-S1-T 

13 x 2 0.1" Header 

Robinson Nuaent 

P6 

1 

IDH-40LP-S3-TG 

20x2 0.1" Shrouded Header 

Robinson Nuaent 

R8 

1 

SFR55 

33.2kQ 1/4W 1% MF Resistor 

Philios 

R3 

1 

SFR55 

200Q 1/4W 1% MF Resistor 

Philtos 

R15-R17 

3 

SFR55 

4.99k£i 1/4W 1% MF Resistor 

Philios 

R18 

1 

SFR55 

49.9Q 1/4W 1% MF Resistor 

Philios 

R19-R21 

3 

SFR55 

10kQ 1/4W 1% MF Resistor 

PhiliDS 

R9 

1 

FRJ-55 

OQ Jumper (1/4W size) 

Dale 

R4 

1 

SFR55 

100Q 1/4W 1% MF Resistor 

PhiliDS 

U1 

1 

ADS7809P 

16-Bit 100kHz Samolina ADC 

Burr-Brown 

U2 

1 

OPA671AP 

Od Amp 

Burr-Brown 

U3, U4 

2 

74HC194 

4-Bit Shift Reqister DIP 

T.l. 

U5 

1 

74HCT14 

Hex Schmitt Inverter DIP 

T.l. 

U6 

1 

74HC594 

8-Bit Shift Reaister DIP 

T.l. 

U 7 

1 

74HCT574 

8-Bit Latch DIP 

T.l. 

U8 

1 

74HCT190 

Decade Counter DIP 

T.l. 

U9 

1 

DOC-2-1. 000MHz 

1 .000MHz Crystal Oscillator (4-Pin) 

Dawia 

U2 

1 

DIP308-1 1 B 

8-Pin DIP Socket 

McKenzie 

U1 

1 

DIP320-1 IB 

20-Pin DIP Socket 

McKenzie 


4 

SJ-5003 

Bumpon Hemisphere 0.44 x 0.20 Black 

3M 


10 

ME151-8001 

0.1" Shunt Block 

Mouser 


NOTE: (1) For reference only. Equivalent components may be used. 


PACKING LIST 


REFERENCE 

QUANTITY 

ITEM 

DESCRIPTION 

MANUFACTURERS 

Demo Board 

1 

DEM-ADS7808/09C 

Fully assembled printed circuit board with 
ADS7809P installed 

Burr- Brown 

ADS7808P 

1 

PDS-1155A 

ADS7808 Product Data Sheet 

Burr-Brown 

ADS7809P 

1 

PDS-1154A 

ADS7809 Product Data Sheet 

Burr-Brown 

Demo Board Info 

1 

LI-457 

DEM-ADS7808/09C Manual 

Burr-Brown 

R2, R6, R12 

3 

SFR55 

33.2k£2 1/4W 1% MF Resistor 

Philips 

R1 

1 

SFR55 

200Q 1/4W 1% MF Resistor 

Philips 

R7, R10 

2 

FRJ-55 

0Q Jumper (1/4W size) 

Dale 

R11 

1 

SFR55 

576kQ 1/4W 1% MF Resistor 

Philips 

R5, R13 

2 

SFR55 

100Q 1/4W 1% MF Resistor 

Philips 

RV1 , RV2 

2 

RJ26FW503 

50k£2 1/4" Ten-Turn Pot 

Bourns 

U1 

1 

ADS7808P 

12-Bit 100kHz Sampling ADS 

Burr-Brown 


NOTE: (1) For reference only. Equivalent components may be used. 
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FEATURES DESCRIPTION 

• 800kHz 12-BIT ADS7810P AND ADS7819P 
INCLUDED 

• 12-BIT BUFFERED PARALLEL OUTPUT 

• CONNECTOR FOR ALL DIGITAL I/O PINS 

• CRYSTAL OSCILLATOR BASED 800kHz 
CONVERT COMMAND GENERATOR 

• EXTERNAL R/C AND CS CONNECTORS 

• PROTOTYPE AREA 


APPLICATIONS 

• EVALUATE ADS7810P AND ADS7819P 
PERFORMANCE 

• BREADBOARD COMPLETE ANALOG 
SYSTEM 

• EVALUATE SIMPLE TWO-LAYER PCB 
LAYOUT 

• INCOMING INSPECTION TEST FIXTURE 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602)746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800)548-6132 
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The DEM-ADS7810/19C Evaluation Fixture is a fully 
assembled printed circuit board used to evaluate 
ADS7810P and ADS7819P. This device incorporates 
an analog input amplifier (with provisions to bypass 
this amplifier), a parallel digital output buffer, a crys- 
tal oscillator-based 800kHz convert command genera- 
tor, external R/C and CS connectors, and a 2.3" X 1.2" 
breadboard area. The DEM-ADS7810/19C achieves 
full converter performance on a two-layer board. 

This fixture requires only ±5V power supplies. An 
optional bipolar power supply connector is 
provided for the input amplifier and breadboarding. 
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HOW TO USE THIS MANUAL 

A table and diagrams are included in the “Factory Settings” 
section showing how the board is configured from the 
factory. A listing of other components, which are shipped 
with the board, is also included. 

The Step-by-Step Basic Operations section describes all of 
the options. At the end of each step, a figure illustrates 
factory settings. Items installed are highlighted in those 
figures. 

For further details on the OPA671, ADS7810P, ADS7819P, 
or any other device on the DEM-ADS7810/19C, refer to the 
specific product data sheet. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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FIGURE 1. PCB Legend. 


FACTORY SETTINGS 

With ±5V supplies connected to P2, the DEM-ADS7810/ 
19C starts converting at 800kHz with an input range of 
± 1 0 V ( ADS7 8 1 OP) or ±2.5 V (ADS7819P). Data can be read 


in full parallel from P5. Buffered full parallel can be read^^^^^ 
from P6. The following is a listing of “factory settings”. HHBj 


MAKE SELECTION 

FOR EACH STEP (1 > 

FACTORY SETTINGS 

OPTIONS (requires alteration of the demo board, all needed 
components included). 

1. Device 

ADS7810P installed. 

ADS7819P included for installation. 

2. Input Amplifier 

OPA671 bypassed. 

Switching jumpers on J1 and J2 to “B” selects input amplifier. Apply ±15V to PI . 

3. Offset Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometers included for 
installation. See Step-by-Step Basic Operations, step 3. 

Gain Adjust 

Trim circuit not installed. 

Trim circuit resistors and potentiometers included for 
installation. See Step-by-Step Basic Operations, step 3. 

4. Convert Command 

On-board 800kHz convert command 
generator connected to R/C. CS tied 

LOW on P5 with a jumper. 

A combination of R/C and CS can be used to control the conversions via P4 
and P6. Refer to the product datasheets for timing diagrams and limits. 

5. Output Format 

1 2-bit buffered full parallel output. 

Full parallel output (P5). 

6. Power Supplies 

3-pin power block (P2) ready for +5V. 

3-pin power block (PI) ready for ±15V (for use with breadboard 
and optional input amplifier). 


NOTE: (1) Each of these steps is explained in detail in the Step-by-Step Basic Operations section. 


TABLE I. Quick Reference to Factory Settings and Other Options. 
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FACTORY SETTINGS (CONT) 


Hardware Installed 


Comments 

3-Pin Power Block 

3-Pin Power Block 

PCB Mount BNC Connector 

PCB Mount BNC Connector 

20 X 2 Header 

PCB Mount BNC Connector 

20 X 2 Shrouded Header 

28-Pin Socket for ADS781 OP 

or ADS7819P 

8-Pin Socket for OPA671 

3 x 1 Headers 

Refer to Step-by-Step 

Basic Operations, 

Step 4B. 


BURR-BROWN CORP. 

ADS7810/19 
EVALUATION BOARD 


FIGURE 2. Hardware Installed. 


Jumpers for: 

J1, J2 


U2 (Input Amplifier Socket) 
bypassed 

Crystal On-Board Con- 
vert Command Genera- 
tor Selected jOutputs 
800kHz to R/C) 

CS Controlled by Pin 27 of P5 


BURR-BROWN CORP. 

ADS7810/19 
EVALUATION BOARD 


Pin 27 to 28 CS Tied LOW 


FIGURE 3. Jumpers Installed. 
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FACTORY SETTINGS (CONT) 



FIGURE 4. ICs Installed. 


Resistors 

Installed 

Comments 

R1 

No 

4.99k£2 1/4W 1%* 

R3 

No 

221 kQ 1/4W 1%0> 

R4 

No 

49.9 Q 1/4W 1%W 

R2, R8, R9 

Yes 

49.9 Q 1/4W 1% 

R5, R6, R7 

Yes 

1k£S 1/4W 1% 

Pots 

Installed 

Comments 

RV1, RV2 

No 

5kn 1/4" 1%^) 

Capacitors 

Installed 

Comments 

Cl, C2, C6,C8, 

CIO, C12-C16 

Yes 

0.1 |iF (50V ceramic) 

C4, C5, C7, C9, Cl 1 

Yes 

10jaF (10V Tantalum) 


NOTE: (1) Included in Package. 



FIGURE 5. Resistors and Capacitors Installed. 
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STEP-BY-STEP 
BASIC OPERATIONS 

STEP 1 — ADS7810P OR ADS7819P 

A) To test the ADS7810P, install an ADS7810P in Ul. 

B) To test the ADS7819P, install an ADS7819P in Ul. 

NOTE: The ADS7810P has an input range of ±10V. The 
ADS7819P has an input range or ±2.5 V. No alteration of the 
board is necessary when switching from one to the other. 

Factory Setting: C4-C11 and 28-pin socket soldered to the 
board. ADS7810P plugged into Ul. 



Step 2 — On-Board Input Amplifier 

To use the on-board input amplifier, jumpers J1 and J2 must 
be set to the “B” position, and PI (Optional Power) must be 
supplied with ±15 V. The factory setting of the amplifier 
yields an inverting gain of 2. Combinations of resistors R5, 
R6, and R7 will affect the gain of the amplifier as follows: 

GAIN = - (R7)/(R5 II R6) 

NOTE: The on-board input amplifier may improve the 
quality of the signal reaching the ADS7810P or ADS7819P. 
This depends on the output characteristics of the signal 
generator. 

Factory Setting: J1 and J2 set to “A”, bypassing the 
amplifier, R5, R6, R7, Cl, C2 and 8-pin socket (U2) sol- 
dered to the board. OPA67 1 plugged into U2. 



Step 3 — Offset/Gain Adjust 
Offset Adjust 

A) To adjust offset, install RV2 (5kO) and R1 (4.99kO), 
ground the input, then adjust RV2. See Figure 8 for 
location of RV2 and Rl. 

Gain Adjust 

B) To adjust gain, install RV1 (5kQ) and R3 (221kO), then 
adjust RV 1 . Do this for +full scale and -full scale. See 
Figure 8. 

NOTE: The offset directly affects the gain. Always trim 
offset first. For maximum precision, more than one iteration 
of these adjustments may be required. 

Factory Setting: ±10V input range without offset/gain trim, 
R2 soldered to the board. 



FIGURE 8. Factory Settings for Step 3. 

Step 4 — Convert Command Generator 

A) J3 set to “INT” selects the on-board convert command 
generator operating at 800kHz (divided down from 8MHz 
by U3). 

B) J3 set to “EXT” selects an external convert command 
generator. Apply a negative-going pulse, 100ns in dura- 
tion, to P6 (External Convert Command). This connector 
is terminated on the board with a 50Q resistor (R8). 
Adjust the voltage of the generator for a 0V to 5V swing 
and the pulse rate to the desired frequency (<800kHz). 
NOTE: When using an external convert command, the 
trace powering the on-board convert command generator 
can be cut to eliminate any noise contributions due to the 
oscillator. To reconnect, install a jumper at J4. 

C) J3 and J5 set to “EXT” allows the user to control the 
“read” and “convert” commands via P4 (CS) and P6 
(R/C). Refer to the product data sheets for timing 
diagrams and limits. 

Factory Setting: J5 set to “From P5”, J3 set to “INT”, 
conversions synchronized to on-board convert command 
generator at 800kHz. P4, P6, R8, R9, U3, U7, C12 and C14 
soldered to the board. 
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Step 5 — Parallel Output 

A) P5 outputs full parallel data — See Figure 10. 

B) P6 outputs buffered full parallel data — See Figure 10. 

A rising edge pulse will be output on pin 33 (Data Valid) 
of P6 signifying the end of a conversion and that data is 
valid. Data will be from the most recently completed 
conversion. 

Factory Setting: P5, P6, U4, U5, U6, C13, C15 and C16 
soldered to the board. Buffered full parallel output on P6. 



Step 6 — Power Supplies 

A) ±5V power supplies connected to P2 (Power) is all that is 
required to operate the DEM-ADS7810/19C. 

B) If the optional amplifier is used, PI must be supplied with 
power (OPA671 requires at least ±15V for this applica- 
tion). 

Factory Setting: PI and P2 ready to be connected to the 

appropriate power supplies. 



FIGURE 11. Factory Settings for Step 6. 


g«n 
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NOTE: This circuit diagram includes the offset and gain cir 
cuitry. Refer to pages 3, 4 and 5 for factory settings. 


6ft £#• 



L L L L L 



For Immediate Assistance, Contact Your Local Salesperson 






Or, Call Customer Service at 1-800-548-6132 USA Only 



ADS781 0/1 9P 

ADS7810/19P 


PIN 

FUNCTION 

FUNCTION 

PIN 

1 

Dll (MSB) 

GND 

WBM 

3 

DIO 

GND 

mmm 

5 

D9 

GND 

ioh 

7 

D8 

GND 


9 

D7 

GND 

10 


D6 

GND 

12 


D5 

GND 

14 

15 

D4 

GND 

16 

17 

D3 

GND 

18 

19 

D2 

GND 

20 

21 

D1 

GND 

22 

23 

DO (LSB) 

GND 

24 

25 

R/C 

GND 

26 

27 

CS 

GND 

28 

29 

BUSY 

GND 

30 

31 

-5V 

GND 

32 

33 

— 5V 

GND 

34 

35 

GND 

GND 

36 

37 

+5V 

GND 

38 

39 

+5V 

GND 

40 


TABLE II. Pinout of the Digital I/O Connector (P5). 



ADS7810/19P 

ADS7810/19P 


PIN 

FUNCTION 

FUNCTION 

PIN 

1 

BI(MSB) 

GND 

2 

3 

B2 

GND 

4 

5 

B3 

GND 

6 

7 

B4 

GND 

8 

9 

B5 

GND 

10 

11 

B6 

GND 

12 

13 

B7 

GND 

14 

15 

B8 

GND 

16 

17 

B9 

GND 

18 

19 

B10 

GND 

20 

21 

B11 

GND 

22 

23 

B12 

GND 

24 

25 

DATA LOW 

GND 

26 

27 

DATA LOW 

GND 

28 

29 

DATA LOW 

GND 

30 

31 

DATA LOW 

GND 

32 

33 

DATA VALID 

GND 

34 

35 


GND 

36 

37 


GND 

38 

39 

GND 

GND 

40 


TABLE III. Pinout of Buffered Output (P6). 



DEM-ADS781 0/1 9 






For Immediate Assistance, Contact Your Local Salesperson 



FIGURE 14. PCB Solder Side 
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INSTALLED COMPONENT LIST 


REFERENCE 

QUANTITY 

PART NUMBER 

DESCRIPTION 

MANUFACTURER* 1 ) 

Cl, C2, C6, C8-C10 

C12-C16 

10 

SR205C104KAA 

0.1 nF Ceramic Capacitor 

AVX 

C3-5, 7,9,11 

6 

TAP106K010SCS 

10pF 10V Tantalum Capacitor 

AVX 

J1-J3, J5 

4 

NSH-3SB-S1-T 

3 X 1 Header 

Robinson Nugent 

P7 

1 

IDH-40LP-S3-TG 

20 x 2 Shrouded Header 

Robinson Nuaent 

PI, P2 

2 

ED500/3DS 

3-pin Power Block 

On-Shore Technology 

P3, P4, P6 

3 

KC-79-274-M06 

PCB Mount BNC Connector 

Kings 

P5 

1 

NSH-40DB-S1-T 

20 X 2 Header 

Robinson Nugent 

R2, R8, R9 

3 

5043ED49R90F 

49.9Q 1/4W 1% MF Resistor 

Philips 

R5, R6, R7 

3 

5193ED1K000F 

IkQ 1/4W 1% MF Resistor 

Philips 

U1 

1 

ADS7810P 

12-Bit Sampling A/D Converter 

Burr-Brown 

U2 

1 

OPA671 

Op Amp 

Burr-Brown 

U3 

1 

74HC190 

4-Bit Decade Counter DIP 

T.l. 

U4 

1 

74HC14 

Hex Schmitt Inverters DIP 

T.l. 

U5, U6 

2 

74HC574 

8-Bit Latch DIP 

T.l. 

U7 

1 

F1100E 

8.000MHz Crystal Oscillator 

Fox 


5 

MSB-2366-G-C-STP 

0.1 Centerline Shunt 

McKenzie 

U1 

1 

DIP-32801 IB 

28-Pin Socket (0.3") 

McKenzie 

U2 

1 

DIP-30801 1 B 

8-Pin Socket 

McKenzie 


PACKING LIST 


REFERENCE 

QUANTITY 

ITEM 

DESCRIPTION 

MANUFACTURER* 1 ) 

Demo Board 

1 

DEM-ADS781 0/1 9C Fully 

assembled printed circuit board with ADS7810P inst£ 

illed. Burr-Brown 

1)1 

1 

ADS7819P 

12-bit Sampling A/D Converter 

Burr-Brown 

RV1 ,RV2 

2 

RJ26FW502 

5k£2 1/4" trimmer resistors 

Bourns 

R1 

1 

5043ED4k990F 

4.99kQ 1/4W 1% MF resistor 

Phillips 

R3 

1 

5043ED4221KF 

221 kQ 1/4W 1% MF resistor 

Phillips 

ADS7810P 

1 

PDS-1138A 

ADS7810 Product Data Sheet 

Burr-Brown 

ADS7819P 

1 

PDS-1193A 

ADS7819 Product Data Sheet 

Burr-Brown 

Demo Board Info. 

1 

LI-454 

DEM-ADS781 0/1 9C Manual 

Burr-Brown 


NOTE: (1) For reference only. Equivalent components may be used. 
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BURR - BROWN ' 


DEM-DAC600-E 
EVALUATION FIXTURE 



FEATURES 


• PROVIDES FOR FAST AND EASY 
PERFORMANCE TESTING 

• GIVES OPTIMIZED PC BOARD LAYOUT 

• SMA CONNECTORS FOR ALL DIGITAL 
INPUTS 

• BNC CONNECTOR FOR VARIABLE 
REFERENCE INPUTS 

• 50 Q PULL-DOWN RESISTORS ON BOARD 


DESCRIPTION 

The DEM-DAC600-E is an evaluation board for the 
DAC600 — a 12-bit, 256MHz digital-to-analog con- 
verter with ECL compatible inputs. By supplying the 
power, bit inputs and clock, both the DC and AC 
performance of the DAC can be quickly evalutated. 
Refer to Figure 1 for the schematic of the board. Since 
there are different grades of the DAC600, a DAC600 
is not included with this board. 
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This demonstration board requires the application of a 
-5.2V supply for the DAC, a +5V supply for the on board 
reference (optional), and a ground. 

INPUTS 

This evaluation board has high frequency SMA connectors 
for the digital inputs. There are 50£2 pull-down resistors to 
-2V on the digital inputs provided for on the demo board. 
The -2V circuit is derived from the -5.2V power supply per 
Figure 3. The -2V reference can be trimmed by adjusting 
R 22 . This potential can be measured at J 3 . 

DAC REFERENCE OPTIONS 

The DAC600 uses an external +1V reference which is 
supplied on the evaluation board using the circuit in Figure 
4. This reference circuit can be adjusted to different values 
by adjusting resistor R 2Q . The reference value can be mea- 
sured at jumper J r Since the DAC can be used in a multiply- 
ing mode, a provision has been made so that an external AC 
signal can be supplied as a reference. This input is termi- 
nated with 50£2 to ground. These options are selected through 
either jumpers or J 2 . Care must be taken not to exceed the 
maximum input reference range. 

DUT PLACEMENT 

A DUT clamp is provided on the board for evaluation of 
multiple DACs. To work the clamp, simply place the con- 
nective elastomer sheet down first, place the unit on top of 
the elastomer with Pin 1 aligned with the white dot on the 
PC board and fasten the clamp. Because the elastomer does 
not have unlimited elasticity, it is recommended that the 
DUT be taken off of the elastomer when not in use. 

OUTPUT 

The DAC600 has complementary outputs V QUT and V OUTNOT . 
Both of these outputs have 50f2 output impedances. These 
outputs should be terminated correctly. Since V OUTNOT is the 
output that is trimmed to the highest accuracy, this output is 
recommended for single ended operation. The unused output 
should be terminated to match the impedance of the used 
output. SMA connectors are provided for these analog out- 
puts. 

SIGNAL LINE TERMINATION 

It was found that terminating the signal lines at the DAC600 
can cause ground currents which produce spurs in the 1 OS- 
11 8MHz range. As a result all bit and clock line resistors 
R13-R16 as well as capacitors C13-C17, C27, and C28, have 
been removed from the demo board. This allows the use of 
series termination as a method of connecting the signals to 
the demo board. 

When using series termination to obtain 50f2, a 47 Q resistor 
is placed at the output of the driving gate. The drive cable or 
50£2 line is connected in series with the resistor. See Figure 1 . 


DEM-DAC600-E PARTS LIST 


REFERENCE 

DESIGNATION 

DESCRIPTION 

QUANTITY 

P, 

Amp 102203-3 6 Pin-Plug 

1 

All capacitors 
except 



C 18’ C 19’ C 25> 

Chip Capacitor CFC106D104 (0.1 pF) 

21 

c 26 



c 24 

Chip Capacitor CFC100C103 (0.01 pF) 

1 

C 18' C 19 

CF252-106 lOpF Electrolytic 
Capacitors (leaded device) 

2 

c 25 

CF252-105 IpF Electrolytic 
Capacitors (leaded device) 

1 

C 26 

47pF Tantalum 

1 

c 27 .c 28 

lOpF Tantalum 

2 

All resistors 
except 




Chip Resistors 500 

18 

r 22 , r 23 



*19 

1 kO 1 % Film Resistor 
(leaded device) 

1 

*20 

lOkO Trim Pot 

1 

R 21 

4990 1% Film Resistor 
(leaded device) 

1 

*23 

2000 1 % Film Resistor 
(leaded device) 

1 

*22 

2000 Trim Pot 

1 

IC 1 

Burr-Brown REF200 (8-pin DIP) 

1 

IC 2 

Burr-Brown OPA602 (8-pin DIP) 

1 


Optional DUT Holder 

1 

1C, 

LM337T (3 term adj neg volt 

reg 1 .5 amp) 

1 

SMA 

DIGI-Key J500-NC 0.2" 

PC mount SMA (see attached) 

16 

BNC 

PC Mount BNC Kings 
KC-79-274-M06 

1 

Misc. 

DUT Clamp 

1 

Misc. 

1" XI" SHIN-ETSU Elastomer 
Conductive Interconnect Sheet 

1 


NOTE: R r R 2 do not exist, as they were removed from the drawings. 


Consult an ECL handbook for proper methods of series 
termination, as the 47 Q mentioned is an approximation. 

If it is desired to terminate at the DAC, the components 
listed in the DEM-DAC600-E data sheet can be added. If 
this is done, C27 should be placed in parallel with C13 and 
C28 in parallel with C15. With J3 installed, -2V is supplied 
to the pull down resistors. 
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LJ 
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— j— Ci5 -j— C 


DAC600 

(not included with 
DEM-DAC600-E) 

V REF 

H 6 

VreF 

H 5 

Vref/2 

ALTCOMPC 


ALTCOMPIB 

^OFFSET 

LBIAS 

Bit 1 (MSB) 

Bit 2 

Bit 3 

Bit 4 

V OUT 

V OUT 

Bit5 

Bit 6 

Bit 7 

LGND 

LGND 

Bit 8 

Bit 9 

Bit 10 

Bit 11 

V OUT 

V OUT 

Bit 12 (LSB) 

AV ee 

CLK 

AV ee 

CLK 

dv ee 

BY PASS 

dv ee 

DGND 


DGND 

AGND 

DGND 

AGND 

DGND 

AGND 

DGND 

AGND 


LOOPCRNT 


NOTE: V OUT and Vq utn lir 
should be the same length 


— j— Cg — |— C 10 -j- 


Multiple via 
end contact 


FIGURE 2. DEM-DAC600-E Schematic. 
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FIGURE 3. -2.0V Pull-Down Supply for Digital Inputs (on- FIGURE 4. DEM-DAC600-E On-Board +1.0V Reference 
board). Circuit. 
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FIGURE 6. Signal Layer (Top Layer). 


A. 60 


Burr-Brown 1C Data Book-Data Conversion Products 








Or, C3ll Customer Service at 1-800-548-6132 (USA Only) 



FIGURE 7. Analog Ground Plane (Layer 2). 
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FIGURE 8. -5.2V Power Plane (Layer 3). 
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FIGURE 9. -2V Supply Plane (Large Area) and +5V Supply Plane (Layer 4). 
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BURR - BROWN 


DEM-DAI1710 

EVALUTION FIXTURE FOR 
PCM1710 WITH DAI INTERFACE 



FEATURES 

• NEWLY DESIGNED MULTI-LEVEL AX 
ARCHITECTURE DAC: PCM1710U 

• STANDARD DIGITAL AUDIO INTERFACE 
COAX/BNC CONNECTOR INPUT 

• SAMPLING RATE: 32kHz/44.1kHz/48kHz 

• SUPERIOR DYNAMIC PERFORMANCE 

• 2nd-ORDER ACTIVE LPF (fc = 24kHz) 

• STEREO VOLTAGE OUTPUT: 2Vrms 

• POWER SUPPLY: +5V, ±5V to ±15V 

• BOARD SIZE: 3.94" x 3.15" 

(100mm x 80mm) 


DESCRIPTION 

The DEM-DAI1710 is a fully assembled, PCM1710 
included, printed circuit board for evaluation of the 
PCM1710U, dual AX 20-bit audio Digital-to- Analog 
converter. The DEM-DAI1710 includes a Digital Audio 
Interface (DAI) receiver chip for ease of use and to 
provide the 256fs system clock to the PCM 17 10. Also 
included are dual 2nd-order lowpass output filters, 
employing Burr-Brown’s OPA2604 dual FET Op Amp, 
which outputs stereo 2Vrms signals at the output BNC 
connectors. 

All of the many features of the PCM 17 10 can be 
evaluated by using the DEM-DAI1710 jumper selec- 
tions. The DEM-DAI1710 requires +5V and ±5V to 
±15V power supplies. 
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OPERATIONAL CONDITIONS OF THE PCM1710 

The DEM-DAI1710 accepts standard digital audio interface 
format from the on-board DAI receiver IC. 

By Interface to DAI receiver IC (CS8412), operational 
conditions of the PCM 17 10 are selected to as follows: 

• Parallel Mode/Normal Speed 

• 16-bit Normal Interface 

• 256fs System Clock Operation 

Figure 1 shows selected conditions by Jumpers J 1 thru J4. 
By changing jumper select, the PCM 17 10 can be operated in 
its other modes. 



ELECTRICAL PERFORMANCE 

DIGITAL SECTION 

Digital Interface: Standard Digital Audio Interface 
Digital Input: Coax/BNC Connector, 75Q 
Sample Rate: 32kHz/44. 1 kHz/48kHz 
System Clock: 256fs 

ANALOG SECTION 

THD + N at F/S: -92dB typ (with 20kHz LPF) 
-70dB typ (with 30kHz LPF) 

S/N Ratio: 108dB typ (ELAJ, A-weighted) 
Dynamic Range: 98dB typ (ELAJ, A-weighted) 
Analog Output: 2Vrms 
De-emphasis Error: ±0.1dB (fs: 44.1kHz) 
POWER SUPPLY REQUIREMENTS 
+V CC : +4.75V to +5.25V 
+l cc : +60mA typ, +120mA max 
±V S : ±5V to ±1 5V 
±l s : ±15mA max 


TEST CONDITIONS 

The DEM-DAI1710 has 2nd-order active LPF (fc = 24kHz) 
on board. However, by sampling theory, the noise spectrum 
out of the audio band still remains. 

Figure 3 shows test block diagram of the DEM-DAI1710, 
using a 20kHz LPF to reduce noise spectrum out of the 
audio band. 

Typical THD + N performance with 20kHz LPF is -92dB, 
without 20kHz LPF (with 30kHz LPF on THD meter) 
is -70dB. 


BLOCK DIAGRAM 


2nd-order LPF 



+V CC (+5V) 


±V S (±5V to ±15V) 


FIGURE 2. Block Diagram of the DEM-DAI1710. 



FIGURE 3. Test Block Diagram. 
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SCHEMATIC CIRCUIT DIAGRAM 



FIGURE 4a. -60dB Output spectrum (f = 1kHz. BW 
100kHz). 


FIGURE 4b. -60dB Output (f = 1kHz). Signal waveform 
and distortion waveform. THD + N = 1.2%. 
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PC BOARD LAYOUT 
Parts Location 




Top View 


Bottom View 
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DEM-OPA64X 
EVALUATION FIXTURES 



FEATURES 

• SOIC AND DIP VERSIONS 

• SURFACE MOUNT COMPONENTS 
FOR OPTIMUM PERFORMANCE 

• SMA INPUT AND OUTPUT JACKS 

FOR MAXIMUM FREQUENCY RESPONSE 

• 2.5" X 2.5" DIMENSIONS 

• DIP WITH PIN SOCKETS 

• UNIVERSAL POWER SUPPLY 
CONNECTIONS 

• INPUT AND OUTPUT TERMINATION 
INCLUDED 


APPLICATIONS 

• EVALUATE OPA64xU (SOIC) AND 
OPA64 xP (DIP) PERFORMANCE 

• EVALUATE HIGH-FREQUENCY, 

TWO LAYER PCB LAYOUT 

• INCOMING INSPECTION TEST FIXTURE 


DESCRIPTION 

The DEM-OPA64x evaluation fixtures are fully as- 
sembled printed circuit boards, except for the gain 
setting resistors, which are included. There are six 
different layouts — three for SOICs and three for DIPs. 
The three layouts are optimized for different circuits, 
which include a voltage follower, an inverting and a 
non-inverting configuration. 

These demonstration boards are used to evaluate the 
Burr-Brown OPA64x series of operational amplifiers. 
Operational amplifiers are not included with the DEM- 
OP A64x. These demonstration boards incorporate 
surface-mount resistors and surface-mount ceramic 
bypass capacitors. The feedback resistor is placed 
directly between the input and output pins. This is 
necessary to achieve greater than 500MHz bandwidth 
performance. The size of the circuit traces and feed- 
throughs are minimized to reduce parasitic capaci- 
tance, and separate bypass capacitors are placed 
directly at each of the four power pins to maintain low 
harmonic distortion. 

The fixture requires a bipolar ±5V power supply. 
Separate power supply paths are required for each 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 


A.68 


LI-445 






Or, Call Customer Service at 1-800-548-6132 USA Only 


power pin to achieve low even-order harmonic distortion. 
This approach minimizes non-linear output stage currents 
coupling into the input gain stages. The orientation of the 
power traces and the ceramic bypass capacitors have been 
empirically determined to give the best harmonic distortion. 
The connection from the top side of the board to the bottom 
was made as short as possible. Wide power supply traces are 
recommended to reduce series impedance at high frequen- 
cies. 

Solid ground planes are used on both sides of the board and 
are connected solidly together. The ground plane is removed 
around the feedback resistor and signal paths to reduce 
parasitic capacitance and ground plane noise coupling. 


ORDERING INFORMATION 


PART NUMBER 

PACKAGE 

CIRCUIT CONFIGURATION 

DEM-OPA640xll-F 

SOIC 

Voltage Follower 

DEM-OPA64XU-I 

SOIC 

Inverting 

DEM-OPA64xU-N 

SOIC 

Non-Inverting 

DEM-OPA64XP-F 

DIP 

Voltage Follower 

DEM-OPA64xP-l 

DIP 

Inverting 

DEM-OPA64XP-N 

DIP 

Non-Inverting 


COMPONENT LIST 


REF. DES. 

QUANTITY 

PART NUMBER 

DESCRIPTION 

MANUFACTURER 

C V4 

4 

Cl 206C1 04M5UAC 

0.1 pF 50V X7R Ceramic Capacitor 

Kemet 

C 5-8 

4 

TAP225K025SCS 

2.2pF 25V Tantalum Capacitor 

AVX 

Pi. 2 

2 

ED500/2DS 

2-Pin Power Block 

On-Shore Technology 

Jl.2 

2 

9650-1111-0000 

PCB Mount SMA Connector 

AEP 


5 

CRCW1 206000ZT 

0Q 1206 Chip Resistor 

Dale 


5 

CRCW1 2061 000FT 

100Q 1206 Chip Resistor, 1% MF 

Dale 


5 

CRCW1 2062000FT 

200C2 1206 Chip Resistor, 1% MF 

Dale 


5 

CRCW1 20624R9FT 

24.9Q 1206 Chip Resistor, 1% MF 

Dale 


5 

CRCW1 20644R2FT 

44.2 Q 1206 Chip Resistor, 1% MF 

Dale 


5 

CRCW1 20649R9FT 

49.90 1206 Chip Resistor, 1% MF 

Dale 


5 

CRCW1 20656R2FT 

56.2Q 1206 Chip Resistor, 1% MF 

Dale 


5 

CRCW1 20666R5FT 

66.5Q 1206 Chip Resistor, 1% MF 

Dale 


5 

CRCW1 2064020 FT 

4020 1206 Chip Resistor, 1% MF 

Dale 


1 

PPCDI P-308-71 0C 

8-Pin Socket 

McKenzie 


1 


Printed Circuit Board 
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FIGURE 1. DEM-OPA64xU/P-F Voltage Follower. 



FIGURE 2. DEM-OPA64xU-F. The layout shown is 1.2x actual for clarity. 
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FIGURE 3. DEM-OPA64xP-F. The layout shown is 1.2x actual for clarity. 
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FIGURE 5. DEM-OPA64xU-I. The layout shown is 1.2x actual for clarity. 
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FIGURE 6. DEM-OPA64xP-I. The layout shown is 1 .2x actual for clarity. 
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FIGURE 7. DEM-OPA64xU/P-N Non-Inverting. 



Top View Top View 

FIGURE 8. DEM-OPA64xU-N. The layout shown is 1.2x actual for clarity. 
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FIGURE 9. DEM-OPA64xP-N. The layout shown is 1.2x actual for clarity. 
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FEATURES 

• COMPLETE 20-BIT STEREO 
D/A CONVERSION SYSTEM 

• NEW SIGN-MAGNITUDE DAC: PCM1702P 

• 8x DIGITAL FILTER: SM5842AP 

• HIGH PERFORMANCE 
THD+N at (F/S): 0.0015% 

Dynamic Range: 108dB (EIAJ) 

S/N Ratio: 120dB (EIAJ) 

Non Zero Cross Distortion 

• SERIAL DIGITAL INTERFACE 

• ANALOG OUTPUT: ±3V 

• POWER SUPPLY: ±9V to ±12V, +5V 

• DIRECT INTERFACE TO DEM-PCM1760 

• BOARD SIZE: 182mm X 128mm 


DESCRIPTION 

The DEM-PCM1702 is an evaluation fixture for Burr- 
Brown’s sign-magnitude, 20-bit digital-to-analog con- 
verter, the PCM- 1702. It is primarily intended for 
quick evaluation of the PCM1702P’s spectral purity 
and sound fidelity. 

Two PCM 1702s are provided to allow full stereo 
evaluation. The input to the DEM-PCM1702 can be 
the output serial data from DEM-PCM1760 (Burr- 
Brown’s evaluation fixture for its 20-bit A/D and 
digital filter, the PCM1760 and DF1760), or other 
digital signal source through the interface connector. 
The number of digital input data bits and optional 
functions are selectable by switches on board. 

The analog output signal is filtered by a GIC type low 
pass filter (dual OP AMP) and the filtered output 
appears on the output connectors (BNCs). 
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Digital 

In 


Operation Mode 
Selection 


SYSCLK 

BCKI 

Dl 

LRCI 


DITHN 
CLKSLN 
1 WIN 
1 W2N 


DGND 



+V cc AGND “ V C< 


i Analog Out Lch 


Analog Out Rch 


FIGURE 1. Block Diagram of the DEM-PCM1702. 


Power Supply for Power Supply for 

Digital: +5V Analog: ±9V to ±1 2V 

ri m 



FIGURE 2. Component Location and Function. 
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OPERATION MODE SELECT SWITCH 

The Operation Mode Select switch provides for the selection 
of dither, system clock and input format as described in the 
tables below. 



FUNCTION 

L 

H 

DITHN 

Dither Select 

Dither On 

Dither Off 

CLKSL 

System Clock Select 

256fs 

384fs 

1W1N (2N) 

Input Format Select 

j Table of Below j 


INPUT FORMAT 

1 WIN 

1 W2N 

MSB First, Right-justified, 16-Bit 

H 

H 

MSB First, Right-justified, 18-Bit 

L 

H 

MSB First, Right-justified, 20-Bit 

H 

L 

MSB First, Right-justified, 24-Bit 

L 

L 


For detailed timing infomation, see the data sheet for the NPC SM5842AP. 


From the factory, these switches are set to provide for no 
dither, system clock equal 256fs and data format set for MSB 
first, right justified, 20-bit, as shown below. 


0 i i 
D L 

| K W W 


N N N N 



(Standard Position) 


FIGURE 3. Opearation Mode Select Switch. 

OPTIONAL FUNCTION JUMPERS 

The optional functions of right and left channel de-empha- 
sis, the de-emphasis system clock, and right and left channel 
mute are controlled by jumpers J1 through J6 as shown in 
the following table. 


JUMPER # 

FUNCTION 

JUMPER 

NO JUMPER 

Jl 

De-emphasis, Rch 

OFF 

ON 

J2 

De-emphasis, Lch 

OFF 

ON 

J3 

De-emphasis, fs-32kHz 


X 

J4 

De-emphasis, fs-32kHz 


X 

J3 

De-emphasis, fs-41 .4kHz 

X 


J4 

De-emphasis, fs-41 .4kHz 

X 


J3 

De-emphasis, fs-48kHz 

X 


J4 

De-emphasis, fs-48kHz 


X 

J5 

Mute, Rch 

No Mute 

Mute 

J6 

Mute, Lch 

No Mute 

Mute 


From the factory, Jumpers Jl, J2, J5 and J6 are installed, as 
shown below, setting the system clock at 32kHz, no de- 
emphasis and no mute. 



SYSTEM CLOCK OPERATION 

A system clock (SYSCLK) is required for operation of the 
DEM-PCM1702. If the DEM-PCM1702 is being used with 
the DEM-PCM1760, the 256fs or 384fs system clock is 
provided by the DEM-PCM1760 through pin 16 of the 
Interface Connector, as described below. (NOTE: Care must 
be taken to insure both boards are set to the same master 
clock.) 

If the DEM-PCM1702 is being used where it must generate 
the 256fs or 384fs master clock, the appropriate crystal can 
be connected to the SM5842. 

COMBINATION WITH DEM-PCM1760 

The DEM-PCM1702 can be directly combined with the 
DEM-PCM1760 (20-bit stereo A/D conversion system). 

In this case, the connector pins of the DEM-PCM1702 and 
the DEM-PCM1760 are connected directly together. 

The power supply for the DEM-PCM1760 is provided by 
the DEM-PCM1702 and the serial digital data (within sys- 
tem clock) is provided to the DEM-PCM1702 from the 
DEM-PCM1760. 


Power 
Power Supply 

Supply for 

for Analog: 

Digital: ±9V 

+5V to ±1 2V 


II III 


O O O O O 

o o o o o 

Jumper Line 

DEM-PCM176o|j|| 

m y 

IH DEM-PCM1702 


CN1 

CN2 


® 

® 

® 

© 


t t 

t t 

Analog In 

Analog Out 


FIGURE 5. Combination with DEM-PCM1760. 
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FIGURE 6. DEM-PCM1702 Board Layout and Component Location. 
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FIGURE 7. DEM-PCM1702 Layer 1 and Layer 2. 
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FIGURE 8. DEM-PCM1702 Circuit Diagram. 


DEM 


DATA 

SCK 

+5V 
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NOTE: IC-f to IC-i are type 5532. 
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FEATURES 

• DUAL MULTI-LEVEL NOISE SHAPING DAC 
WITH ON-CHIP DIGITAL FILTER 

• HIGH PERFORMANCE: THD+N: 0.0025% 
Dynamic Range: 98dB typ 

S/N Ratio: IIOdB typ 

• ANALOG VOLTAGE OUTPUT: V 0 = 3.2Vp-p 

• ON-CHIP POST ANALOG LOW PASS 
FILTER 

• SYSTEM CLOCK 256fs or 384fs 

• ON-CHIP 8X OVERSAMPLING DIGITAL 
FILTER WITH: 

Soft Mute and Attenuator 
Digital De-Emphasis 
Double Speed Dubbing Mode 

• SINGLE +5V POWER SUPPLY 


DESCRIPTION 

The DEM-PCM1710 is an evaluation fixture for the 
PCM 17 10 (16/20-bit stereo digital-to-analog converter 
with on-chip digital filter) primarily intended for quick 
evaluation of the PCM 17 10’ s performance. 

The DEM-PCM1710 is capable of either serial or 
parallel output, can accept either an external system 
clock (256fs or 384fs) or a user-installed crystal oscil- 
lator. Other digital input signals are: LRCK, BCK, and 
DATA. 

All of the functions of the PCM 17 10 (De-Emphasis, 
Mute, Double Speed) can be easily controlled by on- 
board switches. 

Power supply requirement is +5V only. 
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BLOCK DIAGRAM 




Operation Mode Dip Switch 



DOUT • L c 


System Clock 
Components 
(Not Installed) 


NOTE: See Burr-Brown data sheet for PCM1710U (PDS-1217) for complete 
operation description and instructions for the PCM1710U. 
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CIRCUIT DIAGRAM 
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FEATURES 

• COMPLETE 20-BIT STEREO A/D 
CONVERSION SYSTEM 

• 20-BIT A/D CONVERTER: PCM1760 

• HIGH PERFORMANCE DIGITAL FILTER: 
DF1760 

• SERIAL DIGITAL INTERFACE 

• HIGH PERFORMANCE 
THD+N (F/S): 0.0015% 

Dynamic Range: 108dB (EIAJ) 

S/N Ratio: 108dB (EIAJ) 

• ANALOG INPUT: ±2.5V 

• POWER SUPPLY: ±5V, +5V 

• DIRECT INTERFACE TO DEM-PCM1702 

• BOARD SIZE: 182mm x 128mm 


DESCRIPTION 

The DEM-PCM1760 is an evaluation fixture for the 
PCM 1760/DF 1760 (20-bit stereo analog-to-digital 
conversion system) primarily intended for quick evalu- 
ation of the PCM1760/DF1760’s spectral purity and 
sound fidelity. 

The PCM 1760 is provided for evaluation with ±5V 
analog power supply and the DF1760 is provided for 
evaluation with +5V digital power supply. 

The input to the DEM-PCM1760 is ±2.5 V full scale 
analog signal and output from the DEM-PCM1760 is 
a serial digital interface signal consisting of SYSCLK, 
SCLK, SDATA, and L/R. 

The output digital data format is selectable and the 
operation mode is also selectable by function switches 
on the board. 
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c 

l s 

K MM 


S / 

E 

L M 1 1 



(Standard Position) 


FIGURE 1. Operation Mode Select Switch. 

CALIBRATION SELECT SWITCH (CALD) 

H: Calibration off 

L: Calibration on 



POWER DOWN SWITCH (PD) 


0 


H: Normal Mode 

L: Power Down Mode and Trigger of Calibration 
CALD = L, (Start at Rising Edge of PD) 


NAME 

FUNCTION 

H 



Master Clock Select 



S/M 

Slave/Master Select 




Output Format 

Table of Below 


OUTPUT FORMAT 

Ml 

M2 

MSB First, 16-Bit, Falling Edge 

H 

H 

MSB First, 20-Bit, Falling Edge 

L 

H 

MSB First, 20-Bit, Rising Edge 

H 

L 

MSB First, 20-Bit, Falling Edge 

L 

L 


NOTE: The detailed timing information of output format is referred to the data 
sheet of PCM1760/DF1760. 


COMBINATION WITH DEM-PCM1702 

The DEM-PCM1760 can be directly combined with the 
DEM-PCM1702 (20-bit stereo D/A conversion system) 
through the interface connector on the board. 

In this case, the power supply should be connected to the 
DEM-PCM1702 and jumper line should be connected be- 
tween the connector pin of the DEM-PCM1760 and the 
connector pin of the DEM-PCM1702. 

The power supply for the DEM-PCM1760 is supplied from 
the DEM-PCM1702 through the jumper line and the DEM- 
PCM1760 outputs serial data for the DEM-PCM1702. 


Power Supply Power Supply for 
for Digital: +5V Analog: ±9 V to ±1 2 V 




- Jumper Line 


JP 




Analog In 




Analog Out 


FIGURE 2. 
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FIGURE 3. DEM-PCM1760 Board Layout — Component Layout. 
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FIGURE 5. Circuit Diagram. 
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Appendix B 

Cross Reference Guide 


Definitions of pin compatibility: P/P = Pin for Pin. 
A true second source. F/E = Functional Equiva- 
lent. Very similar function and performance, but 


not pin for pin. C/P = Closest Part. Similar func- 
tion and performance, but with significant differ- 
ences. 


Competitor 


Burr-Brown 

Pin 

Competitor 


Burr-Brown 

Pin 

and Part Number 

Part Number 

Compatibility 

1 and Part Number 

Part Number 

Compatibility 

1480 

Teledyne-Philbrick 

3583JM 

P/P 

AD204 

Analog Devices 

IS0212JP 

C/P 

175 

Calex 

INA101 AM 

F/E 

AD208 

Analog Devices 

IS0212JP 

C/P 

175L 

Calex 

INA101 AM 

F/E 

AD210 

Analog Devices 

3656 

F/E 

176J 

Calex 

INA101 AM 

F/E 

AD210 

Analog Devices 

ISO103 

C/P 

176K 

Calex 

INA101 AM 

F/E 

AD2700 

Analog Devices 

REF10JM 

C/P 

176L 

Calex 

INA101AM 

F/E 

AD2701 

Analog Devices 

REF101JM 

C/P 

178 

Calex 

INA101AM 

F/E 

AD2702 

Analog Devices 

REF101JM 

C/P 

286J 

Analog Devices 

3656 

F/E 

AD2710 

Analog Devices 

REF10JM 

C/P 

290A 

Analog Devices 

IS0122P 

C/P 

AD2712 

Analog Devices 

REF101JM 

F/E 

433 

Analog Devices 

4302 

F/E 

AD289 

Analog Devices 

ISO102 

C/P 

436 

Analog Devices 

MPY100AG 

F/E 

AD293 

Analog Devices 

ISO102 

C/P 

6M4314 

Gennum 

MPC100AP 

C/P 

AD294 

Analog Devices 

ISO102 

C/P 

6M8108 

Gennum 

MPC100AP 

C/P 

AD295 

Analog Devices 

3656MG 

F/E 

6X41 4A 

Gennum 

MPC100AP 

F/E 

AD346 

Analog Devices 

SHC5320 

F/E 

6X4201 

Gennum 

MPC100AP 

C/P 

AD346 

Analog Devices 

SHC804BM 

F/E 

6X4304 

Gennum 

MPC100AP 

C/P 

AD3554 

Analog Devices 

3554AM 

C/P 

6X434 

Gennum 

MPC100AP 

F/E 

AD363 

Analog Devices 

SDM872JH 

C/P 

757 

Analog Devices 

LOG100JP 

F/E 

AD364 

Analog Devices 

SDM873JH 

C/P 

7580 

Beckman 

DAC80-CBI-V 

P/P 

AD376 

Analog Devices 

ADC76JG 

P/P 

877-80 

Beckman 

DAC80-CBI-V 

P/P 

AD380 

Analog Devices 

OPA605AM 

C/P 

877-85 

Beckman 

DAC85H-CBI-V 

P/P 

AD380 

Analog Devices 

OPA654 

F/E 

AD OP-27 

Analog Devices 

OPA27 

P/P 

AD381 

Analog Devices 

OPA606KM 

P/P 

AD OP-37 

Analog Devices 

OPA37 

P/P 

AD382 

Analog Devices 

OPA605AM 

C/P 

AD101A 

Analog Devices 

3507J 

C/P 

AD3860 

Analog Devices 

DAC811AH 

P/P 

ADI 01 

Intersil (Harris) 

3507J 

C/P 

AD386 

Analog Devices 

SHC702 

F/E 

AD1 139 

Analog Devices 

DAC729JH 

F/E 

AD386 

Analog Devices 

SHC76 

F/E 

AD1 145 

Analog Devices 

DAC709KH 

F/E 

AD389 

Analog Devices 

SHC76KM 

P/P 

AD1 147 

Analog Devices 

DAC729JH 

C/P 

AD390 

Analog Devices 

DAC4813 

F/E 

AD1 148 

Analog Devices 

DAC729JH 

C/P 

AD503 

Analog Devices 

OPA121KM 

P/P 

AD1 154 

Analog Devices 

SHC702JM 

F/E 

AD503 

Intersil (Harris) 

OPA101 

P/E 

ADI 201 

Intech 

ADC601JG 

F/E 

AD504 

Analog Devices 

OPA27GJ 

F/E | 

ADI 341 

Analog Devices 

SDM862 

F/E 

AD506 

Analog Devices 

OPA121KM 

P/P ■ 

ADI 376 

Analog Devices 

ADC76JG 

P/P 

AD507 

Analog Devices 

3507J 

P/P 

ADI 376 

Analog Devices 

PCM75 

P/P 

AD509 

Analog Devices 

3507J 

P/P 

ADI 380 

Analog Devices 

ADC700JH 

C/P 

AD510 

Analog Devices 

OPA27GJ 

P/P 

ADI 674 

Analog Devices 

ADS774JP 

F/E 

AD515 

Analog Devices 

AD515JH 

P/P 

ADI 678 

Analog Devices 

ADS7800AH 

F/E 

AD517 

Analog Devices 

OPA27GJ 

F/E 

ADI 71 

Analog Devices 

3582J 

C/P 

AD518 

Analog Devices 

3507J 

F/E 

ADI 856 

Analog Devices 

PCM56P 

P/P 

AD521 

Analog Devices 

INA101AG 

F/E 

ADI 860 

Analog Devices 

PCM61P 

P/P 

AD522 

Analog Devices 

INA101 AM 

F/E 

ADI 862 

Analog Devices 

PCM63P 

F/E 

AD5240 

Analog Devices 

ADC84KG-12 

P/P 

ADI 864 

Analog Devices 

PCM1700P 

F/E 

AD5240 

Analog Devices 

ADC85 

P/P 

ADI 865 

Analog Devices 

PCM1700P 

F/E 

AD524 

Analog Devices 

IN A110 AG 

F/E 

ADI 876 

Analog Devices 

PCM78P 

F/E 

AD526 

Analog Devices 

PGA102 

F/E 

AD202 

Analog Devices 

IS0212JP 

C/P 

AD526 

Analog Devices 

PGA203KP 

C/P 

AD203 

Analog Devices 

ISO103 

C/P 

AD532 

Analog Devices 

MPY100AM 

P/P 

AD203N 

Analog Devices 

ISO103 

F/E 

AD533 

Analog Devices 

MPY100AM 

F/E 
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AD534 

Analog Devices 

MPY534JD 

P/P 

AD650 

Analog Devices 

VFC110AP 

C/P 

AD535 

Analog Devices 

MPY534JD 

F/E 

AD651 

Analog Devices 

VFC100AG 

p/p 

AD536 

Analog Devices 

4341 

F/E 

AD652 

Analog Devices 

VFC101N 

p/p 

AD537 

Analog Devices 

VFC32BM 

C/P 

AD654 

Analog Devices 

VFC121AP 

C/P 

AD538 

Analog Devices 

4302 

F/E 

AD662 

Analog Devices 

DAC667JP 

C/P 

AD539 

Analog Devices 

MPY634AM 

C/P 

AD667 

Analog Devices 

DAC667JP 

p/p 

AD542 

Analog Devices 

OPA121KM 

F/E 

AD671 

Analog Devices 

ADC601JG 

F/E 

AD544 

Analog Devices 

OPA606KM 

F/E 

AD671 

Analog Devices 

ADS602 

F/E 

AD545A 

Analog Devices 

OPA111 

P/P 

AD671 

Analog Devices 

ADS7800 

F/E 

AD545 

Analog Devices 

OPA111AM 

P/P 

AD674A 

Analog Devices 

ADC674AJH 

P/P 

AD546 

Analog Devices 

OPA121KM 

P/P 

AD676 

Analog Devices 

ADS7805 

C/P 

AD547 

Analog Devices 

OPA111AM 

F/E 

AD677 

Analog Devices 

ADS7809 

C/P 

AD548 

Analog Devices 

OPA111AM 

F/E 

AD678 

Analog Devices 

ADS7800AH 

F/E 

AD549 

Analog Devices 

OPA128JM 

F/E 

AD679 

Analog Devices 

ADC700KH 

F/E 

AD5539 

Analog Devices 

OPA621KP 

F/E 

AD683 

Analog Devices 

SHC804BM 

F/E 

AD562 

Analog Devices 

DAC80-CBI-V 

C/P 

AD693 

Analog Devices 

XTR101AG 

F/E 

AD562 

Analog Devices 

DAC85 

C/P 

AD694 

Analog Devices 

XTR110KP 

F/E 

AD563 

Analog Devices 

DAC80-CBI-V 

C/P 

AD704 

Analog Devices 

OPA404KP 

C/P 

AD563 

Analog Devices 

DAC85 

C/P 

AD705 

Analog Devices 

OPA177GP 

C/P 

AD565A 

Analog Devices 

DAC80-CBI-I 

C/P 

AD706 

Analog Devices 

OPA2111KP 

C/P 

AD565A 

Analog Devices 

DAC85 

C/P 

AD707 

Analog Devices 

OPA177EZ 

P/P 

AD565 

Analog Devices 

DAC65 

C/P 

AD708 

Analog Devices 

OPA1013AM 

C/P 

AD565 

Analog Devices 

DAC80-CBI-I 

C/P 

AD711 

Analog Devices 

OPA602AM 

P/P 

AD565 

Maxim 

DAC80-CBI-I 

C/P 

AD711 

Analog Devices 

OPA604AP 

P/P 

AD566A 

Analog Devices 

DAC80-CBI-I 

C/P 

AD712 

Analog Devices 

OPA2107AM 

C/P 

AD566A 

Analog Devices 

DAC85 

C/P 

AD712 

Analog Devices 

OPA2604AP 

C/P 

AD566 

Analog Devices 

DAC80-CBI-I 

C/P 

AD713 

Analog Devices 

OPA404KP 

P/P 

AD567 

Analog Devices 

DAC811AH 

F/E 

AD7245 

Analog Devices 

DAC667JP 

C/P 

AD568 

Analog Devices 

DAC812BM 

F/E 

AD7247 

Analog Devices 

DAC2815 

C/P 

AD569 

Analog Devices 

DAC709KH 

C/P 

AD7248 

Analog Devices 

DAC667JP 

C/P 

AD572 

Analog Devices 

ADC84KG-12 

F/E , 

AD734 

Analog Devices 

MPY600AP 

C/P 

AD573 

Analog Devices 

ADC574AJH 

C/P 

AD736 

Analog Devices 

4341 

C/P 

AD573 

Analog Devices 

ADS574 

C/P 

AD737 

Analog Devices 

4341 

C/P 

AD574 

Analog Devices 

ADC574AJH 

P/P 

AD741 

Analog Devices 

OPA177GP 

p/p 

AD578 

Analog Devices 

ADC80AG-12 

F/E 

AD743 

Analog Devices 

OPA627AP 

F/E 

AD579 

Analog Devices 

ADC601JG 

C/P 

AD744 

Analog Devices 

OPA602 

F/E 

AD581 

Analog Devices 

REF102AM 

C/P 

AD744 

Analog Devices 

OPA606 

F/E 

AD582 

Analog Devices 

SHC298AM 

C/P 

AD744 

Analog Devices 

OPA627AP 

C/P 

AD583 

Analog Devices 

SHC5320KH 

F/E 

AD745 

Analog Devices 

OPA637 

P/E 

AD584 

Analog Devices 

REF101JM 

C/P 

AD746 

Analog Devices 

OPA2107AP 

P/P 

AD585 

Analog Devices 

SHC5320KH 

F/E 

AD871 

Analog Devices 

ADS605 

C/P 

AD587 

Analog Devices 

REF102BM 

P/P 

AD872 

Analog Devices 

ADS605 

C/P 

AD588 

Analog Devices 

REF101JM 

C/P 

AD7501 

Analog Devices 

MPC508 

F/E 

AD600 

Analog Devices 

VCA610 

C/P 

AD7501 

Analog Devices 

MPC508 

F/E 

AD6012 

Analog Devices 

DAC80-CBI-V 

C/P 

AD7502 

Analog Devices 

MPC509 

F/E 

AD602 

Analog Devices 

VCA610 

C/P 

AD7502 

Analog Devices 

MPC509 

F/E 

AD606 

Analog Devices 

INA101 AM 

F/E 

AD7503 

Analog Devices 

MPC508 

C/P 

AD611 

Analog Devices 

OPA121KM 

F/E 

AD7503 

Analog Devices 

MPC508 

F/E 

AD612 

Analog Devices 

PGA200AG 

F/E 

AD7503 

Analog Devices 

MPC508 

C/P 

AD614 

Analog Devices 

PGA200AG 

F/E 

AD7506 

Analog Devices 

MPC16 

P/P 

AD620 

Analog Devices 

INA114 

P/E 

AD7506 

Analog Devices 

MPC506 

P/P 

AD621 

Analog Devices 

INA131 

C/P 

AD7506 

Analog Devices 

MPC506 

P/P 

AD624 

Analog Devices 

INA110AG 

P/P 

AD7507 

Analog Devices 

MPC507 

P/P 

AD625 

Analog Devices 

INA103KP 

F/E 

AD7507 

Analog Devices 

MPC507 

P/P 

AD632 

Analog Devices 

MPY534 

P/E 

AD7507 

Analog Devices 

MPC8 

P/P 

AD633 

Analog Devices 

MPY634AM 

C/P 

AD7521 

Analog Devices 

DAC7541AJP 

P/P 

AD642 

Analog Devices 

OPA2111AM 

C/P 

AD7521 

Intersil (Harris) 

DAC7541AJP 

P/P 

AD644 

Analog Devices 

OPA2111AM 

C/P 

AD7521 

Maxim 

DAC7541AJP 

P/P 

AD645 

Analog Devices 

OPA111BM 

p/p 

AD7521 

National Semiconductor 

DAC7541AJP 

P/P 

AD645 

Analog Devices 

OPA627 

F/E 

AD7524 

Analog Devices 

DAC7801 

C/P 

AD647 

Analog Devices 

OPA2111AM 

F/E 

AD7528 

Analog Devices 

DAC7528 

P/P 

AD648 

Analog Devices 

OPA2107AM 

F/E 

AD7531 

Analog Devices 

DAC7541AJP 

P/P 
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AD7531 

Intersil (Harris) 

DAC7541AJP 

P/P 

ADA160Q 

Zeltex 

DAC729JH 

F/E 

AD7531 

Maxim 

DAC7541AJP 

P/P 

ADADC80 

Analog Devices 

ADC80AG-12 

P/P 

AD7531 

National Semiconductor 

DAC7541AJP 

P/P 

ADADC84 

Analog Devices 

ADC84KG-12 

P/P 

AD7537 

Analog Devices 

DAC7801 KP 

F/E 

ADADC85 

Analog Devices 

ADC85H-12 

P/P 

AD7538 

Analog Devices 

DAC702 

C/P 

ADC-EH12B3 Datel 

ADC80AG-12 

C/P 

AD7541A 

Analog Devices 

DAC7541AJP 

P/P 

ADC-HX12B 

Datel 

ADC84KG-12 

P/P 

AD7541A 

Maxim 

DAC7541AJP 

P/P 

ADC00401 

DDC 

ADC80AG-12 

F/E 

AD7541 

Analog Devices 

DAC7541AJP 

P/P 

ADC00403 

DDC 

ADC80AG-12 

F/E 

AD7541 

Intersil (Harris) 

DAC7541AJP 

P/P 

ADC1080 

National Semiconductor 

ADC80AG-12 

P/P 

AD7541 

Maxim 

DAC7541AJP 

P/P 

ADC1103 

Analog Devices 

ADC80AG-12 

F/E 

AD7542 

Analog Devices 

DAC811AH 

C/P 

ADC1130 

Analog Devices 

ADC71JG 

C/P 

AD7543 

Analog Devices 

DAC7800KP 

C/P 

ADC1131 

Analog Devices 

ADC71JG 

C/P 

AD7545A 

Analog Devices 

DAC7545AH 

p/p 

ADC1140 

Analog Devices 

ADC71JG 

C/P 

AD7545 

Analog Devices 

DAC7545AH 

p/p 

ADC1280 

National Semiconductor 

ADC80AG-12 

p/p 

AD7545 

Maxim 

DAC7545AH 

p/p 

ADC386 

National Semiconductor 

SHC702JM 

F/E 

AD7546 

Analog Devices 

DAC707KH 

F/E 

ADC4450 

DDC 

ADC8QAG-12 

F/E 

AD7547 

Analog Devices 

DAC7802KP 

F/E 

ADC511 

Datel 

ADC601JG 

F/E 

AD7548 

Analog Devices 

DAC811AH 

C/P 

ADC810 

Datel 

ADC80AG-12 

F/E 

AD7549 

Analog Devices 

DAC7802KP 

F/E 

ADC811 

Datel 

ADC80AG-12 

F/E 

AD7572 

Analog Devices 

ADC774JH 

F/E 

ADC817 

Datel 

ADC80AG-12 

F/E 

AD7572 

Analog Devices 

ADS774 

F/E 

ADC827 

Datel 

ADC80AG-12 

F/E 

AD7578 

Analog Devices 

ADC7802BP 

C/P 

ADC910 

PMI (Analog Devices) 

ADS7800 

C/P 

AD7579 

Analog Devices 

ADS574JP 

C/P 

ADC912 

PMI (Analog Devices) 

ADS774 

C/P 

AD7580 

Analog Devices 

ADS574JP 

C/P 

ADC922 

PMI (Analog Devices) 

ADS7800 

C/P 

AD7582 

Analog Devices 

ADC7802BP 

F/E 

ADCHX12 

Datel 

ADC84 

P/P 

AD759 

Analog Devices 

LOG 100 

C/P 

ADDAC71 

Analog Devices 

DAC71-COB-V 

P/P 

AD766 

Analog Devices 

PCM56P 

F/E 

ADDAC72 

Analog Devices 

DAC72BH-COB-V P/P 

AD7672 

Analog Devices 

ADS7800JP 

F/E 

ADDAC80 

Analog Devices 

DAC80-CBI-V 

P/P 

AD767 

Analog Devices 

DAC667JP 

F/E 

ADDAC85 

Analog Devices 

DAC85H-CBI-V 

P/P 

AD767 

Analog Devices 

DAC811 

F/E 

ADDAC87 

Analog Devices 

DAC87H-CBI-V 

P/P 

AD795 

Analog Devices 

OPA124 

P/P 

ADG506A 

Analog Devices 

MPC506 

C/P 

AD7772 

Analog Devices 

ADC804BH 

C/P 

ADG506A 

Analog Devices 

MPC506 

C/P 

AD7845 

Analog Devices 

DAC667JP 

C/P 

ADG507A 

Analog Devices 

MPC507 

C/P 

AD7848 

Analog Devices 

DAC667JP 

C/P 

ADG507A 

Analog Devices 

MPC507 

C/P 

AD7870 

Analog Devices 

ADS774JP 

F/E 

ADG508A 

Analog Devices 

MPC508 

C/P 

AD7878 

Analog Devices 

ADS774JP 

F/E 

ADG508A 

Analog Devices 

MPC508 

C/P 

AD811 

Analog Devices 

BUF634 

C/P 

ADG509A 

Analog Devices 

MPC509 

C/P 

AD829 

Analog Devices 

OPA620KP 

F/E 

ADG509A 

Analog Devices 

MPC509 

C/P 

AD829 

Analog Devices 

OPA621 

F/E 

ADH-051 

DDC 

ADC80AG-12 

C/P 

AD834 

Analog Devices 

MPY600AP 

C/P 

ADH8516 

DDC 

ADC80AG-12 

F/E 

AD840 

Analog Devices 

OPA621KP 

C/P 

ADH8585 

DDC 

ADC85H-12 

P/P 

AD841 

Analog Devices 

OPA620KP 

F/E 

ADH8586 

DDC 

ADC85H-12 

F/E 

AD842 

Analog Devices 

OPA621KP 

F/E 

ADLH0032 

Analog Devices 

OPA605AM 

C/P 

AD843 

Analog Devices 

OPA671AP 

F/E 

ADLH0033 

Analog Devices 

OPA633KP 

F/E 

AD844 

Analog Devices 

3554AM 

C/P 

ADOP-07 

Analog Devices 

OPA177GZ 

F/E 

AD844 

Analog Devices 

OPA603 

C/P 

ADOP-27 

Analog Devices 

OPA27GJ 

P/P 

AD845 

Analog Devices 

OPA637AP 

F/E 

ADOP-37 

Analog Devices 

OPA37GJ 

P/P 

AD846 

Analog Devices 

OPA603AP 

F/E 

ADREF01 

Analog Devices 

REF102AP 

P/P 

AD847 

Analog Devices 

OPA671 

C/P 

ADS130 

Datel 

ADC603JH 

F/E 

AD848 

Analog Devices 

OPA620 

C/P 

ADVFC32 

Analog Devices 

VFC32BM 

P/P 

AD849 

Analog Devices 

OPA621 

C/P 

AM6012 

Maxim 

DAC80-CBI-V 

C/P 

AD9003 

Analog Devices 

ADS602JG 

F/E 

AMP-01 

PMI (Analog Devices) 

INA101AM 

F/E 

AD9005 

Analog Devices 

ADC603JH 

F/E 

AMP-01 

PMI (Analog Devices) 

INA104 

F/E 

AD9300 

Analog Devices 

MPC100AP 

C/P 

AMP-02 

PMI (Analog Devices) 

INA1Q3KP 

C/P 

AD9610 

Analog Devices 

OPA600 

C/P 

AMP-02 

PMI (Analog Devices) 

INA111 

P/P 

AD9617 

Analog Devices 

OPA603AP 

F/E 

AMP-02 

PMI (Analog Devices) 

INA114 

P/P 

AD9617 

Analog Devices 

OPA644 

P/P 

AMP-02 

PMI (Analog Devices) 

INA114 

P/E 

AD9618 

Analog Devices 

OPA603AP 

F/E 

AMP-03 

PMI (Analog Devices) 

INA105KP 

P/E 

AD9620 

Analog Devices 

OPA633KP 

C/P 

AMP-05 

PMI (Analog Devices) 

INA110AG 

F/E 

AD9630 

Analog Devices 

BUF601 

P/E 

BB3553 

Maxim 

3553AM 

P/P 

AD9712 

Analog Devices 

DAC65JP 

F/E 

BB3554 

Maxim 

3554AM 

P/P 

AD9713 

Analog Devices 

DAC65 

F/E 

BT104 

Brooktree 

DAC65JP 

C/P 
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BT105 

Brooktree 

DAC65JP 

C/P 

DAC377 

Sipex 

DAC729JH 

C/P 

BUF-03 

PMI (Analog Devices) 

BUF634 

C/P 

DAC391 

Hybrid 

DAC812BM 

C/P 

BUF-03 

PMI (Analog Devices) 

OPA633 


DAC612 

Datel 

DAC811AH 

C/P 

CAV1210 

Analog Devices 

ADC603JH 

C/P 

DAC7528 

Analog Devices 

DAC7528 

P/P 

CLC400 

Comlinear 

OPA620KG 

C/P 

DAC8043 

Analog Devices 

DAC8043 

p/p 

CLC401 

Comlinear 

OPA620KG 

C/P 

DAC8221 

PMI (Analog Devices) 

DAC7802KP 

F/E 

CLC404 

Comlinear 

OPA623 

C/P 

DAC8222 

PMI (Analog Devices) 

DAC7802KP 

F/E 

CLC409 

Comlinear 

OPA623 

P/E 

DAC87 

DDC 

DAC87H-CBI-V 

P/P 

CLC411 

Comlinear 

OPA623 

C/P 

DAC9332-16 

Hybrid 

DAC709KH 

F/E 

CLC500 

Comlinear 

OPA620KG 

F/E 

DAC9349 

Hybrid 

DAC80-CBI-V 

C/P 

CLC501 

Comlinear 

OPA620KG 

F/E 

DAC9377 

Hybrid 

DAC707KH 

F/E 

CLC520 

Comlinear 

VCA610 

C/P 

DACHK 

Micro Networks 

DAC811AH 

F/E 

CLC912 

Comlinear 

DAC65JP 

F/E 

DACHP16 

Datel 

DAC701 

P/P 

CLC925 

Comlinear 

ADC603 

C/P 

DACHP16 

Datel 

DAC703 

P/P 

CLC925 

Comlinear 

ADC603JH 

F/E 

DACHZ12 

Datel 

DAC85 

P/P 

CLC926 

Comlinear 

ADC603JH 

F/E 

DAS11 28 

Analog Devices 

SDM873JH 

F/E 

CS5102A 

Crystal 

ADS7807 

C/P 

DG506A 

Maxim 

MPC506 

P/E 

CS5101A 

Crystal 

ADS7809 

C/P 

DG506 

Silconix 

MPC506 

P/P 

CS5326 

Crystal Semiconductor 

PCM1750P 

C/P 

DG506 

Siliconix 

MPC16 

P/P 

CS5327 

Crystal Semiconductor 

PCM1750P 

C/P 

DG506 

Siliconix 

MPC506 

P/P 

CS5328 

Crystal Semiconductor 

PCM1750P 

C/P 

DG507A 

Maxim 

MPC507 

P/E 

CS5329 

Crystal Semiconductor 

PCM1750P 

C/P 

DG507 

Silconix 

MPC507 

P/P 

CS5336 

Crystal Semiconductor 

PCM1750P 

C/P 

DG507 

Silconix 

MPC507 

P/P 

CS5337 

Crystal Semiconductor 

PCM1750P 

C/P 

DG507 

Siliconix 

MPC8 

P/P 

CS5338 

Crystal Semiconductor 

PCM1750P 

C/P 

DG508A 

Maxim 

MPC508 

P/E 

CS533P 

Crystal Semiconductor 

PCM1750P 

C/P 

DG508 

Silconix 

MPC508 

P/P 

D6534 

Siliconix 

MPC100AP 

C/P 

DG508 

Silconix 

MPC508 

P/P 

D6538 

Siliconix 

MPC100AP 

C/P 

DG508 

Siliconix 

MPC8 

P/P 

D6884 

Siliconix 

MPC100AP 

C/P 

DG509A 

Maxim 

MPC509 

P/E 

D6894 

Siliconix 

MPC100AP 

C/P 

DG509 

Silconix 

MPC509 

P/P 

DAC-01 

PMI (Analog Devices) 

NONE 


DG509 

Silconix 

MPC509 

P/P 

DAC-02 

PMI (Analog Devices) 

NONE 


DG509 

Siliconix 

MPC4 

P/P 

DAC-03 

PMI (Analog Devices) 

NONE 


EL2001 

Elantec 

BUF634 

C/P 

DAC-08 

PMI (Analog Devices) 

NONE 


EL2002 

Elantec 

BUF634 

C/P 

DAC-10 

PMI (Analog Devices) 

NONE 


EL2003 

Elantek 

OPA633KP 

P/P 

DAC-20 

PMI (Analog Devices) 

NONE 


EL2007 

Elantek 

OPA541AM 

C/P 

DAC-71 

Datel 

DAC71-COB-V 

p/p 

EL2008 

Elantec 

BUF634 

C/P 

D AC-72 

Datel 

DAC72BH-COB-V P/P 

EL2009 

Elantec 

BUF634 

C/P 

DAC-86 

PMI (Analog Devices) 

NONE 


EL2020 

Elantek 

OPA603AP 

C/P 

DAC-HF12B 

Datel 

DAC812BM 

C/P 

EL2030 

Elantek 

OPA603AP 

C/P 

DAC-HF12 

Datel 

DAC65JP 

F/E 

EL2072 

Elantec 

BUF601 

P/P 

DAC-HK12B 

Datel 

DAC811AH 

F/E 

GX434 

Gennum 

MPC100 

C/P 

DAC-HP16 

Datel 

DAC71-COB-V 

P/P 

HA-2400 

Harris 

OPA676JG 

F/E 

DAC-HY12 

Datel 

DAC80-CBI-V 

P/P 

HA-2420 

Harris 

SHC5320KH 

C/P 

DAC-HZ12B 

Datel 

DAC85H-CBI-V 

P/P 

HA-2425 

Harris 

SHC5320KH 

C/P 

DAC-S 

DDC 

DAC85H-CBI-V 

P/P 

HA-2500 

Harris 

3507J 

F/E 

DAC-SL 

DDC 

DAC811AH 

F/E 

HA-2505 

Harris 

OPA602 

P/E 

DAC02701 

DDC 

DAC811AH 

F/E 

HA-2510 

Harris 

3507J 

F/E 

DAC1136 

Analog Devices 

DAC729JH 

P/P 

HA-2520 

Harris 

3507J 

P/P 

DAC1138 

Analog Devices 

DAC729KH 

F/E 

HA-2525 

Harris 

3507 

P/P 

DAC1208 

National Semiconductor 

DAC811AH 

F/E 

HA-2539 

Harris 

OPA605AM 

C/P 

DAC1218 

National Semiconductor 

DAC7541AJP 

F/E 

HA-2540 

Harris 

OPA605AM 

C/P 

DAC1219 

National Semiconductor 

DAC7541AJP 

F/E 

HA-2541 

Harris 

OPA605AM 

C/P 

DAC1230 

National Semiconductor 

DAC811AH 

F/E 

HA-2542 

Harris 

OPA605AM 

C/P 

D AC 1280 

National Semiconductor 

DAC80-CBI-V 

P/P 

HA-2546 

Harris 

MPY600AP 

C/P 

D AC 1285 

National Semiconductor 

DAC85H-CBI-V 

P/P 

HA-2547 

Harris 

MPY600AP 

C/P 

D AC 1286 

National Semiconductor 

DAC80-CBI-V 

P/P 

HA-2600 

Harris 

3507J 

C/P 

DAC1287 

National Semiconductor 

DAC87H-CBI-V 

P/P 

HA-2605 

Harris 

3507 

P/E 

DAC331 

Hybrid 

DAC7541AJP 

F/E 

HA-2620 

Harris 

3507J 

P/P 

DAC336-12 

Hybrid 

DAC811AH 

F/E 

HA-2625 

Harris 

3507 

P/E 

DAC347 

Hybrid 

DAC7541AJP 

F/E 

HA-2630 

Harris 

3553AM 

C/P 

DAC377 

Hybrid 

DAC729JH 

C/P 

HA-2640 

Harris 

OPA445M 

P/E 
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HA-2645 

Harris 

OPA445AP 

P/E 

HI-547-5 

Harris 

MPC8D 

P/P 

HA-2645 

Harris 

OPA445BM 

C/P 

HI-548-5 

Harris 

MPC8S 

P/P 

HA-2650 

Harris 

OPA2111AM 

C/P 

HI-549-5 

Harris 

MPC4D 

P/P 

HA-4156 

Harris 

OPA404AG 

C/P 

HI-5660 

Harris 

DAC80-CBI-V 

C/P 

HA-4741 

Harris 

OPA404AG 

C/P 

HI-5680 

Harris 

DAC80-CBI-V 

p/p 

HA-5002 

Harris 

OPA633KP 

C/P 

HI-5685 

Harris 

DAC85H-CBI-V 

p/p 

HA-5004 

Harris 

OPA603AP 

C/P 

HI-5687 

Harris 

DAC87H-CBI-V 

p/p 

HA-5033 

Harris 

OPA633KP 

P/P 

HI-5690 

Harris 

DAC80-CBI-V 

C/P 

HA-5062 

Harris 

OPA2111AM 

C/P 

HI-5695 

Harris 

DAC85H-CBI-V 

C/P 

HA-5064 

Harris 

OPA404AG 

F/E 

HI-574A 

Harris 

ADC574AJH 

p/p 

HA-5082 

Harris 

OPA2111AM 

F/E 

HI-5811 

Harris 

DAC811AH 

p/p 

HA-5084 

Harris 

OPA404AG 

F/E 

HI-674A 

Harris 

ADC674A 

p/p 

HA-5100 

Harris 

OPA606KM 

C/P 

HI-774A 

Harris 

ADC774JP 

p/p 

HA-5102 

Harris 

OPA2111AM 

C/P 

HI-774 

Harris 

ADC774JP 

p/p 

HA-5104 

Harris 

OPA404AG 

F/E 

HI-DAC16 

Harris 

DAC71-COB-V 

F/E 

HA-5110 

Harris 

3551 J 

F/E 

HI518 

Harris 

MPC801 

P/P 

HA-5112 

Harris 

OPA2111AM 

C/P 

HI574 

Harris 

ADC574 

P/P 

HA-5114 

Harris 

OPA404AG 

F/E 

HI674 

Harris 

ADC674 

P/P 

HA-5130 

Harris 

OPA27GJ 

F/E 

HOS-050 

Analog Devices 

3554AM 

C/P 

HA-5135 

Harris 

OPA27GJ 

F/E 

HOS-060 

Analog Devices 

3554AM 

C/P 

HA-5142 

Harris 

OPA2111AM 

C/P 

HOS-IOO 

Analog Devices 

OPA633KP 

P/P 

HA-5144 

Harris 

OPA404AG 

C/P 

HOS-200 

Analog Devices 

OPA633KP 

F/E 

HA-5147 

Harris 

OPA37GJ 

F/E 

HS3120 

Hybrid 

DAC811AH 

F/E 

HA-5160 

Harris 

OPA602AM 

F/E 

HS3160 

Hybrid 

DAC703KH 

C/P 

HA-5170 

Harris 

OPA111AM 

F/E 

HS346 

Hybrid 

SHC5320KH 

C/P 

HA-5180 

Harris 

OPA111AM 

P/P 

HS3860 

Hybrid 

DAC811AH 

F/E 

HA-5190 

Harris 

OPA605AM 

C/P 

HS7541 

Hybrid 

DAC7541AJP 

P/P 

HA-5320 

Harris 

SHC5320KH 

P/P 

HS7545 

Hybrid 

DAC7545AH 

P/P 

HA-5330 

Harris 

SHC803BM 

C/P 

HS9338 

Hybrid 

DAC811AH 

F/E 

HA-OP07 

Harris 

OPA177GZ 

P/P 

HS9377 

Hybrid 

DAC707KH 

F/E 

HA-OP27 

Harris 

OPA27GJ 

P/P 

HS9378 

Hybrid 

DAC707KH 

F/E 

HA-OP37 

Harris 

OPA37GJ 

P/P 

HS9393 

Hybrid 

DAC65JP 

F/E 

HA6033 

Harris 

BUF634 

C/P 

HS9394 

Hybrid 

DAC65JP 

F/E 

HAS-050 

Analog Devices 

3554AM 

C/P 

HS9410 

Hybrid 

SDM872JH 

C/P 

HAS-1202A 

Analog Devices 

ADC80AG-12 

C/P 

HS9576 

Hybrid 

ADC76JG 

P/P 

HAS- 1202 

Analog Devices 

ADC80AG-12 

F/E 

HSDAC80 

Hybrid 

DAC80-CBI-V 

P/P 

HDAS-16 

Datel 

SDM857JG 

F/E 

HSDAC87 

Hybrid 

DAC87H-CBI-V 

P/P 

HDAS-8 

Datel 

SDM857JG 

F/E 

HT0025 

Analog Devices 

SHC600BH 

F/E 

HDS1240 

Analog Devices 

DAC65JP 

F/E 

HTC0300 

Analog Devices 

SHC804BM 

P/P 

HFA1100 

Harris 

BUF600 

C/P 

HTS0010 

Analog Devices 

SHC600BH 

F/E 

HFA1100 

Harris 

OPA623 

C/P 

HY6110 

Hytek 

PGA200AG 

C/P 

HFA1112 

Harris 

BUF601 

C/P 

ICH8515 

Intersil (Harris) 

OPA541AM 

C/P 

HFA1120 

Harris 

OPA623 

C/P 

ICL7134 

Intersil (Harris) 

DAC709KH 

C/P 

HFA5033 

Harris 

BUF600 

C/P 

ICL7145 

Intersil (Harris) 

DAC707KH 

C/P 

HI-0508 

Maxim 

MPC508 

p/p 

ICL7146 

Intersil (Harris) 

DAC811AH 

C/P 

HI-0508 

Maxim 

MPC508 

p/p 

ICL7605 

Intersil (Harris) 

INA101AM 

F/E 

HI-0509 

Maxim 

MPC509 

p/p 

ICL7606 

Intersil (Harris) 

INA101AM 

F/E 

HI-0509 

Maxim 

MPC509 

p/p 

ICL8013 

Intersil (Harris) 

MPY100 

F/E 

HI-506 

Harris Semiconductor 

MPC16 

p/p 

IH5108 

Harris 

MPC8 

P/P 

HI-506 

Harris 

MPC506 

p/p 

IH5108 

Harris 

MPC801 

P/P 

HI-507 

Harris 

MPC507 

p/p 

IH5108 

Intersil (Harris) 

MPC508 

P/P 

HI-507 

Harris 

MPC8 

p/p 

IH51 1 0-15 

Intersil (Harris) 

SHC298AM 

C/P 

HI-508 

Harris 

MPC508 

p/p 

IH5208 

Harris 

MPC4 

P/P 

HI-508 

Harris 

MPC8 

p/p 

IH5208 

Harris 

MPC801 

P/P 

HI-508 

Maxim 

MPC508 

p/p 

IH5208 

Intersil (Harris) 

MPC507 

P/P 

HI-509 

Harris 

MPC509 

p/p 

IH6108 

Harris 

MPC8 

P/P 

HI-5127 

Harris 

OPA27 

P/E 

IH6108 

Harris 

MPC801 

P/P 

HI-5137 

Harris 

OPA37 

P/E 

IH6108 

Intersil (Harris) 

MPC508 

P/P 

HI-516 

Harris 

MPC800 

P/P 

IH6116 

Harris 

MPC800 

P/P 

HI-516 

Harris 

MPC800KG 

P/P 

IH6116 

Intersil (Harris) 

MPC506 

P/P 

HI-518 

Harris 

MPC801KG 

P/P 

IH6216 

Harris 

MPC8 

P/P 

HI-546-5 

Harris 

MPC16S 

P/P 

IH6216 

Intersil (Harris) 

MPC507 

P/P 
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Part Number 
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LF11508 

National Semiconductor 

MPC508 

P/P 

LH740A 

National Semiconductor 

OPA121KM 

PIP 

LF11509 

National Semiconductor 

MPC509 

P/P 

LM101A 

LTC 

OPA27GJ 

C/P 

LF13741 

National Semiconductor 

OPA121KM 

P/P 

LM101A 

National Semiconductor 

OPA27GJ 

C/P 

LF155A 

LTC 

OPA606KM 

F/E 

LM107 

LTC 

OPA177GP 

C/P 

LF155A 

National Semiconductor 

OPA606KM 

F/E 

LM107 

National Semiconductor 

OPA177GP 

C/P 

LF156A 

LTC 

OPA606KM 

F/E 

LM112 

LTC 

OPA27EJ 

C/P 

LF156A 

National Semiconductor 

OPA606KM 

F/E 

LM112 

National Semiconductor 

OPA27EJ 

C/P 

LF157A 

National Semiconductor 

OPA606KM 

F/E 

LM118 

Harris 

3507J 

C/P 

LF198 

National Semiconductor 

SHC298AM 

P/P 

LM118 

LTC 

3507 

C/P 

LF198 

Texas Instruments 

SHC298 

P/P 

LM118 

National Semiconductor 

3507J 

C/P 

LF298 

National Semiconductor 

SHC298 

P/P 

LM11C 

Motorola 

OPA602 

P/E 

LF351 

Motorola 

OPA604 

P/E 

LM12 

National Semiconductor 

OPA541AM 

C/P 

LF351 

Motorola 

OPA604 

P/E 

LM131 

National Semiconductor 

VFC32BM 

C/P 

LF351 

National Semiconductor 

OPA156AM 

P/P 

LM143 

National Semiconductor 

OPA445BM 

C/P 

LF353 

Harris 

OPA2111AM 

P/P 

LM144 

National Semiconductor 

OPA445BM 

C/P 

LF353 

Motorola 

OPA2111 

P/P 

LM1558 

National Semiconductor 

OPA2111AM 

C/P 

LF353 

National Semiconductor 

OPA2111AM 

P/P 

LM158A 

National Semiconductor 

OPA2111AM 

C/P 

LF355 

LTC 

OPA121 

P/E 

LM163 

National Semiconductor 

INA101 AM 

F/E 

LF356 

LTC 

OPA121 

P/E 

LM185 

LTC 

REF1004 

F/E 

LF356 

Motorola 

OPA602 

P/E 

LM208 

Intersil (Harris) 

IS0212JP 

C/P 

LF357 

Motorola 

OPA637 

C/P 

LM2904 

National Semiconductor 

OPA2111AM 

C/P 

LF398A 

National Semiconductor 

SHC298AM 

P/P 

LM307 

Motorola 

OPA77 

P/P 

LF398 

National Semiconductor 

SHC298AM 

P/P 

LM318 

LTC 

3507 

C/P 

LF398 

Texas Instruments 

SHC298 

P/P 

LM324 

National Semiconductor 

OPA1013 

C/P 

LF400C 

National Semiconductor 

OPA606KM 

F/E 

LM331 

National Semiconductor 

VFC32BM 

C/P 

LF411 

National Semiconductor 

OPA602AM 

P/P 

LM334 

National Semiconductor 

REF200AM 

C/P 

LF412A 

National Semiconductor 

OPA21 1 1 AM 

F/E 

LM343 

National Semiconductor 

OPA445BM 

C/P 

LF412 

National Semiconductor 

OPA2111 

P/P 

LM358 

Motorola 

OPA1013 

C/P 

LF441 

Motorola 

OPA606 

P/E 

LM358 

National Semiconductor 

OPA2111AM 

C/P 

LF442A 

National Semiconductor 

OPA2111AM 

F/E 

LM363 

National Semiconductor 

INA101HP 

F/E 

LF444A 

National Semiconductor 

OPA404AG 

P/P 

LM607 

National Semiconductor 

OPA27GJ 

C/P 

LH0002 

National Semiconductor 

3553AM 

C/P 

LM6125 

National Semiconductor 

BUF634 

C/P 

LH0003 

National Semiconductor 

3507J 

C/P 

LM627 

National Semiconductor 

OPA627 

P/P 

LH0004 

National Semiconductor 

3580J 

C/P 

LM6361 

National Semiconductor 

3507 

F/E 

LH0005 

National Semiconductor 

OPA605AM 

C/P 

LM637 

National Semiconductor 

OPA637 

P/P 

LH0021 

National Semiconductor 

3571 

C/P 

LM675 

National Semiconductor 

OPA511AM 

C/P 

LH0022 

National Semiconductor 

OPA121KM 

p/p 

LM709A 

National Semiconductor 

3507J 

C/P 

LH0023 

National Semiconductor 

SHC298AM 

C/P 

LM725A 

National Semiconductor 

OPA27EJ 

C/P 

LH0024 

National Semiconductor 

3551 J 

F/E 

LM747A 

National Semiconductor 

OPA2111AM 

C/P 

LH0032 

National Semiconductor 

OPA605AM 

C/P 

LM748 

National Semiconductor 

OPA27EJ 

C/P 

LH0033 

National Semiconductor 

OPA633KP 

F/E 

LM833 

Motorola 

OPA2107 

C/P 

LH0036 

National Semiconductor 

INA114 

C/P 

LM837 

National Semiconductor 

OPA404AG 

C/P 

LH0038 

National Semiconductor 

INA114 

C/P 

LMC660 

National Semiconductor 

OPA404AG 

C/P 

LH0042 

National Semiconductor 

OPA121KM 

P/P 

LT1001CN8 

LTC 

OPA177GP 

P/P 

LH0043 

National Semiconductor 

SHC298AM 

C/P 

LT1001 

LTC 

OPA27GJ 

F/E 

LH0044 

National Semiconductor 

OPA27GJ 

F/E 

LT1002 

LTC 

OPA2111AM 

C/P 

LH0052 

National Semiconductor 

OPA111AM 

P/P 

LT1004 

LTC 

REF1004 

P/P 

LH0053 

National Semiconductor 

SHC5320KH 

C/P 

LT1007 

LTC 

OPA27GJ 

P/P 

LH0053 

National Semiconductor 

SHC85 

C/P 

LT 1010 

Linear Technology 

BUF634 

C/P 

LH0063 

National Semiconductor 

3553AM 

F/E 

LT1010 

LTC 

OPA633KP 

C/P 

LH0070 

LTC 

REF10 

C/P 

LT1013 

LTC 

OPA1013ACH 

P/P 

LH0084 

National Semiconductor 

PGA200AG 

F/E 

LT1013 

Texas Instruments 

OPA1013 

P/P 

LH0086 

National Semiconductor 

PGA102AG 

F/E 

LT1014 

LTC 

OPA404AG 

C/P 

LH0091 

National Semiconductor 

4341 

C/P 

LT1019 

LTC 

REF10JM 

C/P 

LH0094 

National Semiconductor 

4302 

F/E 

LT1021 

LTC 

REF102AM 

P/P 

LH0101 

Maxim 

OPA541 AM 

C/P 

LT 1 022 

LTC 

OPA606KM 

P/P 

LH0101 

National Semiconductor 

OPA541 AM 

C/P 

LT 1 023 

LTC 

OPA606KM 

C/P 

LH2011 

National Semiconductor 

OPA2111AM 

C/P 

LT1024 

LTC 

OPA2111AM 

C/P 

LH2101A 

National Semiconductor 

OPA2111AM 

C/P 

LT1025 

LTC 

OPA603 

C/P 

LH2108A 

LTC 

OPA2111AM 

C/P 

LT1027 

LTC 

REF02 

C/P 

LH2108A 

National Semiconductor 

OPA2111AM 

C/P 

LT1028 

LTC 

OPA27GJ 

C/P 

LH4001 

National Semiconductor 

OPA633KP 

C/P 

LT1031 

LTC 

REF10 

C/P 
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LT1037 

LTC 

OPA37GJ 

P/P 

MN5291 

Micro Networks 

ADC76JG 

C/P 

LT1055 

LTC 

OPA606KM 

P/P 

MN5610 

Micro Networks 

ADC84KG-12 

F/E 

LT1056 

LTC 

OPA606KM 

P/P 

MN574A 

Micro Networks 

ADC574AJH 

P/P 

LT 1 057 

LTC 

OPA2111AM 

C/P 

MN7100 

Micro Networks 

SDM872JH 

F/E 

LT 1 058 

LTC 

OPA404AG 

F/E 

MN7130 

Micro Networks 

SDM862JH 

F/E 

LT 1117 

LTC 

REG1117 

P/P 

MN7150 

Micro Networks 

SDM873JH 

F/E 

LT118A 

LTC 

3507J 

F/E 

MNADC80 

Micro Networks 

ADC80AG-12 

P/P 

LT1223 

LTC 

OPA623 

C/P 

MNADC84 

Micro Networks 

ADC84KG-12 

P/P 

LT581 

LTC 

REF10 

C/P 

MNADC85 

Micro Networks 

ADC85H-12 

P/P 

LTC1272 

LTC 

ADS7800 

C/P 

MNADC87 

Micro Networks 

ADC87H-12 

P/P 

LTC1278 

LTC 

ADS7810 

C/P 

MNDAC80 

Micro Networks 

DAC80-CBI-V 

P/P 

MAXI 95 

Maxim 

ADS7809 

C/P 

MNDAC85 

Micro Networks 

DAC85H-CBI-V 

P/P 

MAX310 

Maxim 

MPC100AP 

C/P 

MNDAC87 

Micro Networks 

DAC87H-CBI-V 

P/P 

MAX311 

Maxim 

MPC100AP 

C/P 

MNDAC88 

Micro Networks 

DAC811AH 

F/E 

MAX358 

Maxim 

MPC508 

p/p 

MP574 

Micro Power Systems 

ADC574AJH 

P/P 

MAX359 

Maxim 

MPC509 

p/p 

MP6812 

Analogic 

SDM863JH 

F/E 

MAX450 

Maxim 

MPC100AP 

C/P 

MP7506 

Micro Power Systems 

MPC16 

P/P 

MAX453 

Maxim 

MPC100AP 

C/P 

MP7506 

Micro Power Systems 

MPC506 

P/P 

MAX454 

Maxim 

MPC100AP 

F/E 

MP7507 

Micro Power Devices 

MPC8 

P/P 

MAX456 

Maxim 

MPC100AP 

C/P 

MP7507 

Micro Power Systems 

MPC507 

P/P 

MAX543 

Maxim 

DAC8043 

P/P 

MP7508 

Micro Power Devices 

MPC8 

P/P 

MAX7528 

Maxim 

DAC7528 

P/P 

MP7508 

Micro Power Systems 

MPC508 

P/P 

MAX7537 

Maxim 

DAC7801 KP 

F/E 

MP7509 

Micro Power Devices 

MPC4 

P/P 

MAX7547 

Maxim 

DAC7802KP 

F/E 

MP7509 

Micro Power Systems 

MPC509 

P/P 

MCI 456 

Motorola 

OPA2604 

C/P 

MP7531 

Micro Power Systems 

DAC7541AJP 

P/P 

MCI 458 

Motorola 

OPA2604 

C/P 

MP7541A 

Micro Power Systems 

DAC7541AJP 

P/P 

MCI 595 

Motorola 

MPY600AP 

C/P 

MP7542 

Micro Power Systems 

DAC7545AH 

C/P 

MCI 596 

Motorola 

MPY600AP 

C/P 

MP7545 

Micro Power Systems 

DAC7541AJP 

P/P 

MCI 741 

Motorola 

OPA177 

P/P 

MP7616 

Micro Power Systems 

DAC703KH 

C/P 

MCI 747 

Motorola 

OPA1013 

C/P 

MP7621 

Micro Power Systems 

DAC7541AJP 

P/P 

MC34001 

Motorola 

OPA602 

P/P 

MP7622 

Micro Power Systems 

DAC7545AH 

C/P 

MC34002 

Motorola 

OPA2604 

C/P 

MP7623 

Micro Power Systems 

DAC7541AJP 

P/P 

MC34080 

Motorola 

OPA602 

C/P 

MP8014 

Analogic 

ADC76JG 

F/E 

MC34080 

Motorola 

OPA606 

C/P 

MP8016 

Analogic 

ADC76JG 

F/E 

MC34081 

Motorola 

OPA602 

P/P 

MP8116 

Analogic 

DAC729JH 

F/E 

MC34082 

Motorola 

OPA2604 

C/P 

MP9331-16 

Micro Power Systems 

DAC709KH 

F/E 

MC34083 

Motorola 

OPA2107 

p/p 

MP9377-16 

Micro Power Systems 

DAC707KH 

F/E 

MC34181 

Motorola 

OPA111 

F/E 

MPI814 

Analogic 

DAC70BH-COB-I 

F/E 

MC34182 

Motorola 

OPA2111 

C/P 

MPI914 

Analogic 

DAC70BH-COB-I 

F/E 

MC3458 

Motorola 

OPA1013 

C/P 

MUX08 

Analog Devices 

MPC8 

C/P 

MC4558 

Motorola 

OPA2604 

C/P 

MUX08 

PMI (Analog Devices) 

MPC508 

P/P 

MDAS-16 

Datel 

SDM872JG 

C/P 

MUX16 

Analog Devices 

MPC16 

P/P 

MDAS-8D 

Datel 

SDM873JH 

F/E 

MUX16 

PMI (Analog Devices) 

MPC506 

P/P 

MN0300A 

Micro Networks 

SHC804BM 

F/E 

MUX24 

PMI (Analog Devices) 

MPC4 

P/P 

MN2020 

Micro Networks 

PGA102AG 

C/P 

MUX24 

PMI (Analog Devices) 

MPC509 

P/P 

MN3210 

Micro Networks 

DAC71-COB-V 

P/P 

MUX28 

Analog Devices 

MPC8 

C/P 

MN3300 

Micro Networks 

DAC71-COB-V 

P/P 

MUX28 

PMI (Analog Devices) 

MPC507 

P/P 

MN3310 

Micro Networks 

DAC703KH 

P/P 

MX-1606 

Datel 

MPC506 

P/P 

MN3660 

Micro Networks 

DAC811AH 

C/P 

MX-808 

Datel 

MPC508 

P/P 

MN375 

Micro Networks 

SHC804BM 

F/E 

MX-818 

Datel 

MPC801KG 

P/P 

MN376 

Micro Networks 

SHC804BM 

F/E 

MX1606 

Datel 

MPC16 

P/P 

MN379 

Micro Networks 

SHC600BH 

F/E 

MX1616 

Datel 

MPC800 

P/P 

MN3850 

Micro Networks 

DAC85H-CBI-V 

P/P 

MX1616 

Datel 

MPC800KG 

P/P 

MN3860 

Micro Networks 

DAC811AH 

F/E 

MX808 

Datel 

MPC508 

P/P 

MN5200 

Micro Networks 

ADC84KG-12 

F/E 

MX808 

Datel 

MPC8S 

P/P 

MN5210-14 

Micro Networks 

ADC84KG-12 

F/E 

MX818 

Datel 

MPC801 

P/P 

MN5245 

Micro Networks 

ADC80AG-12 

F/E 

MXD-409 

Datel 

MPC509 

P/P 

MN5246 

Micro Networks 

ADC601JG 

F/E 

MXD-807 

Datel 

MPC507 

P/P 

MN5248 

Micro Networks 

ADC601 

P/P 

MXD409 

Datel 

MPC4 

P/P 

MN5280 

Micro Networks 

ADC71JG 

C/P 

MXD409 

Datel 

MPC509 

P/P 

MN5282 

Micro Networks 

ADC71JG 

C/P 

MXD807 

Datel 

MPC507 

P/P 

MN5290 

Micro Networks 

ADC76JG 

C/P 

MXD807 

Datel 

MPC8 

P/P 
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Competitor 
and Part Number 

Burr-Brown 
Part Number 

Pin 

Compatibility 

Competitor 
and Part Number 

Burr-Brown 
Part Number 

Pin 

Compatibility 

NE5532 

Signetics 

OPA2604 

P/P 

OP-420 

PMI (Analog Devices) 

OPA404AG 

C/P 

NE5534 

Signetics 

OPA604 

P/P 

OP-421 

PMI (Analog Devices) 

OPA404AG 

C/P 

OMA2541 

Omnirel 

OPA2541 

P/P 

OP-42 

PMI (Analog Devices) 

OPA101 

C/P 

OMA501 

Omnirel 

OPA501 

P/P 

OP-42 

PMI (Analog Devices) 

OPA602AM 

F/E 

OMA502 

Omnirel 

OPA502 

P/P 

OP-43 

PMI (Analog Devices) 

OPA111AM 

F/E 

OMA511 

Omnirel 

OPA511 

P/P 

OP-44 

PMI (Analog Devices) 

OPA602AM 

C/P 

OMA512 

Omnirel 

OPA512 

P/P 

OP-470 

PMI (Analog Devices) 

OPA404AG 

C/P 

OMA541 

Omnirel 

OPA541M 

P/P 

OP-47 

Raytheon 

OPA37GJ 

F/E 

MP7610AN 

MicroPower Systems 

DAC7610P 

P/P 

OP-50 

PMI (Analog Devices) 

OPA27GJ 

C/P 

MP7610AS 

MicroPower Systems 

DAC7610U 

P/P 

OP-77 

PMI (Analog Devices) 

OPA77EZ 

P/P 

MP7610BN 

MicroPower Systems 

DAC7610PB 

p/p 

OP-80 

PMI (Analog Devices) 

OPA128JM 

F/E 

MP7610BS 

MicroPower Systems 

DAC7610UB 

P/P 

OP-80 

PMI (Analog Devices) 

OPA128JM 

F/E 

MP7611AE 

MicroPower Systems 

DAC7611U 

P/P 

OP07 

LTC 

OPA177 

P/E 

MP7611BE 

MicroPower Systems 

DAC7611UB 

P/P 

OP471 

PMI (Analog Devices) 

OPA404 

F/E 

MP7612AN 

MicroPower Systems 

DAC7612P 

P/P 

PA01 

Apex 

OPA511AM 

P/P 

MP7612AS 

MicroPower Systems 

DAC7612U 

P/P 

PA02 

Apex 

OPA541AM 

C/P 

MP7612BN 

MicroPower Systems 

DAC7612PB 

P/P 

PA07 

Apex 

OPA512BM 

C/P 

MP7612BS 

MicroPower Systems 

DAC7612UB 

p/p 

PA08 

Apex 

3583JM 

C/P 

MP7613AE 

MicroPower Systems 

DAC7613U 

P/P 

PA10 

Apex 

OPA512BM 

F/E 

MP7613BE 

MicroPower Systems 

DAC7613UB 

P/P 

PA11 

Apex 

OPA511AM 

P/P 

OP-01 

PMI (Analog Devices) 

OPA606KM 

C/P 

PA12A 

Apex 

OPA512SM 

P/P 

OP-04 

PMI (Analog Devices) 

OPA2111AM 

C/P 

PA12 

Apex 

OPA502 

P/P 

OP-05 

LTC 

OPA27GJ 

F/E 

PA12 

Apex 

OPA512BM 

P/P 

OP-05 

PMI (Analog Devices) 

OPA27GJ 

F/E 

PA25 

Apex 

OPA2541 

C/P 

OP-05 

Raytheon/LTC 

OPA27GJ 

F/E 

PA51 

Apex 

OPA501AM 

P/P 

OP-05 

Raytheon 

OPA27GJ 

F/E 

PA61 

Apex 

OPA512BM 

C/P 

OP-06 

PMI (Analog Devices) 

OPA37GJ 

C/P 

PA73 

Apex 

3573AM 

P/P 

OP-07 

LTC 

OPA177GZ 

P/P 

PA80 

Apex 

3580J 

P/P 

OP-07 

PMI (Analog Devices) 

OPA177GZ 

P/P 

PA81 

Apex 

3581 J 

P/P 

OP-07 

Raytheon/LTC 

OPA177GZ 

P/P 

PA82 

Apex 

3582J 

P/P 

OP-07 

Raytheon 

OPA177GZ 

P/P 

PA83 

Apex 

3583JM 

P/P 

OP-08 

PMI (Analog Devices) 

OPA111AM 

C/P 

PA84 

Apex 

3584 JM 

P/P 

OP-10 

PMI (Analog Devices) 

OPA2111AM 

C/P 

PM155A 

PMI (Analog Devices) 

OPA156AM 

P/P 

OP-111 

PMI (Analog Devices) 

OPA111AM 

P/P 

PM156A 

PMI (Analog Devices) 

OPA156AM 

P/P 

OP-14 

PMI (Analog Devices) 

OPA2111AM 

C/P 

PM157A 

PMI (Analog Devices) 

OPA606KM 

F/E 

OP-15 

LTC 

OPA606KM 

P/P 

PM2108A 

PMI (Analog Devices) 

OPA2111AM 

C/P 

OP-15 

PMI (Analog Devices) 

OPA606KM 

P/P 

PM725 

PMI (Analog Devices) 

OPA27GJ 

F/E 

OP-16 

LTC 

OPA606KM 

P/P 

PM747 

PMI (Analog Devices) 

OPA2111AM 

C/P 

OP-16 

PMI (Analog Devices) 

OPA606KM 

P/P 

PM7541 

PMI (Analog Devices) 

DAC7541AJP 

P/P 

OP-177 

PMI (Analog Devices) 

OPA177GP 

P/P 

PM7545 

PMI (Analog Devices) 

DAC7545AH 

P/P 

OP-17 

LTC 

OPA606KM 

F/E 

PM8012 

PMI (Analog Devices) 

DAC7545AH 

F/E 

OP-17 

PMI (Analog Devices) 

OPA606KM 

F/E 

RC1458 

Raytheon 

OPA2111AM 

C/P 

OP-200 

PMI (Analog Devices) 

OPA1013 

C/P 

RC2041 

Raytheon 

OPA2111AM 

C/P 

OP-207 

PMI (Analog Devices) 

OPA2111AM 

C/P 

RC2043 

Raytheon 

OPA2111AM 

C/P 

OP-215 

PMI (Analog Devices) 

OPA2111AM 

C/P 

RC4136 

Raytheon 

OPA404AG 

C/P 

OP-220 

PMI (Analog Devices) 

OPA1013 

C/P 

RC4153 

Raytheon 

VFC320BM 

C/P 

OP-220 

PMI (Analog Devices) 

OPA2111AM 

C/P 

RC4156 

Raytheon 

OPA404AG 

C/P 

OP-221 

PMI (Analog Devices) 

OPA2111AM 

C/P 

RC4558 

Raytheon 

OPA2111AM 

C/P 

OP-227 

LTC 

OPA2111AM 

C/P 

RC4559 

Raytheon 

OPA2111AM 

C/P 

OP-227 

PMI (Analog Devices) 

OPA21 1 1 AM 

C/P 

RC4560 

Raytheon 

OPA2111AM 

C/P 

OP-237 

LTC 

OPA2111AM 

C/P 

RC4562 

Raytheon 

OPA2111AM 

C/P 

OP-260 

PMI (Analog Devices) 

OPA603AP 

C/P 

RC4739 

Raytheon 

OPA2111AM 

C/P 

OP-275 

PMI (Analog Devices) 

OPA2604 

F/E 

RC5532 

Raytheon 

OPA2111AM 

C/P 

OP-27 

PMI (Analog Devices) 

OPA27GJ 

P/P 

RC5534 

Raytheon 

OPA37GJ 

F/E 

OP-27 

Raytheon 

OPA27GJ 

P/P 

RC714 

Raytheon 

OPA27GJ 

P/P 

OP-285 

PMI (Analog Devices) 

OPA2107 

F/E 

RC747 

Raytheon 

OPA2111AM 

C/P 

OP-297 

PMI (Analog Devices) 

OPA1013 

C/P 

REF-01 

LTC 

REF102AM 

F/E 

OP-37 

PMI (Analog Devices) 

OPA37GJ 

P/P 

REF01 

Maxim 

REF102AM 

P/P 

OP-37 

Raytheon 

OPA37GJ 

P/P 

REF01 

PMI (Analog Devices) 

REF102AM 

P/P 

OP-400 

PMI (Analog Devices) 

OPA404AG 

C/P 

REF02AH 

LTC 

REF02RM 

P/P 

OP-41 

PMI (Analog Devices) 

OPA103 

F/E 

REF02AJ 

Analog Devices 

REF02RM 

P/P 

OP-41 

PMI (Analog Devices) 

OPA111AM 

F/E 

REF02AJ 

Maxim 

REF02RM 

P/P 
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REF02CCSA 

Maxim 

REF02AU 

P/P 

REF02CH 

LTC 

REF02AM 

P/P 

REF02CJ8 

LTC 

REF02AG 

P/P 

REF02CJ 

Analog Devices 

REF02AM 

P/P 

REF02CJ 

Analog Devices 

REF02AM 

P/P 

REF02CJ 

Maxim 

REF02AM 

P/P 

REF02CN8 

LTC 

REF02AP 

P/P 

REF02CP 

Analog Devices 

REF02BP 

P/P 

REF02CP 

Maxim 

REF02BP 

P/P 

REF02CS 

Analog Devices 

REF02BU 

P/P 

REF02CZ 

Analog Devices 

REF02AG 

P/P 

REF02CZ 

Maxim 

REF02AG 

P/P 

REF02DCSA 

Maxim 

REF02AU 

P/P 

REF02DH 

LTC 

REF02AM 

P/P 

REF02DJ8 

LTC 

REF02AG 

P/P 

REF02DJ 

Analog Devices 

REF02AM 

P/P 

REF02DJ 

Maxim 

REF02AM 

P/P 

REF02DN8 

LTC 

REF02AP 

P/P 

REF02DP 

Analog Devices 

REF02AP 

P/P 

REF02DP 

Maxim 

REF02AP 

P/P 

REF02DZ 

Analog Devices 

REF02AG 

P/P 

REF02DZ 

Maxim 

REF02AG 

P/P 

REF02EH 

LTC 

REF02CM 

P/P 

REF02EH 

LTC 

REF02CM 

P/P 

REF02EJ8 

LTC 

REF02BG 

P/P 

REF02EJ 

Analog Devices 

REF02CM 

P/P 

REF02EJ 

Maxim 

REF02CM 

P/P 

REF02EN8 

LTC 

REF02BP 

P/P 

REF02EZ 

Analog Devices 

REF02BG 

P/P 

REF02EZ 

Maxim 

REF02BG 

P/P 

REF02HCSA 

Maxim 

REF02BU 

P/P 

REF02HH 

LTC 

REF02BM 

P/P 

REF02HJ8 

LTC 

REF02BG 

P/P 

REF02HJ 

Analog Devices 

REF02BM 

P/P 

REF02HJ 

Analog Devices 

REF02BM 

P/P 

REF02HJ 

Maxim 

REF02BM 

P/P 

REF02H 

LTC 

REF02SM 

P/P 

REF02HN8 

LTC 

REF02BP 

P/P 

REF02HP 

Analog Devices 

REF02BP 

P/P 

REF02HP 

Maxim 

REF02BP 

P/P 

REF02HZ 

Analog Devices 

REF02BG 

P/P 

REF02HZ 

Maxim 

REF02BG 

P/P 

REF02J 

Analog Devices 

REF02SM 

P/P 

REF02J 

Maxim 

REF02SM 

P/P 

REF02 


REF02 

P/P 

REF05 


REF05 

P/P 

REF10 

Micro Power Systems 

REF10KM 

P/P 

REF10 

PMI (Analog Devices) 

REF10KM 

P/P 

SHA1A 

Analog Devices 

SHC85 

F/E 

SHA21 

Analog Devices 

SHC803BM 

F/E 

SHA2A-5A 

Analog Devices 

SHC804BM 

F/E 

SHC85 

Analog Devices 

SHC85 

P/P 

SHM-20 

Datel 

SHC5320KH 

P/P 

SHM-4860 

Datel 

SHC804BM 

P/P 

SHM-6 

Datel 

SHC5320KH 

C/P 

SHM-9 

Datel 

SHC5320KH 

C/P 

SHM-HU 

Datel 

SHC804BM 

C/P 

SHM-IC-1 

Datel 

SHC298AM 

C/P 

SHM-LM-2 

Datel 

SHC298AM 

p/p 

SHM360 

Datel 

SHC600 

F/E 

SHM361 

Datel 

SHC601BH 

F/E 

SM5813 

NPC 

DF1700 

P/P 


Competitor Burr-Brown Pin 

and Part Number Part Number Compatibility 


SMP-10 

PMI (Analog Devices) 

SHC298AM 

F/E 

SMP-11 

PMI (Analog Devices) 

SHC298AM 

F/E 

SMP-81 

PMI (Analog Devices) 

SHC5320KH 

C/P 

SP9345 

Sipex 

DAC4813 

F/E 

SP7920 

SPT 

ADS605 

C/P 

SSM-2015 

PMI (Analog Devices) 

INA103AG 

F/E 

SSM-2016 

PMI (Analog Devices) 

INA103AG 

F/E 

SSM-2017 

PMI (Analog Devices) 

INA103AG 

F/E 

SSM-2141 

Analog Devices 

INA105 

P/P 

TDC1012 

PMI (Analog Devices) 

DAC65JP 

F/E 

TEA2114 

Thomson 

MPC100AP 

C/P 

TEA6415 

Thomson 

MPC100AP 

C/P 

THA-0523 

DDC 

SHC804BM 

P/P 

THC1201 

TRW 

ADC603JH 

F/E 

TL071 

Texas Instruments 

OPA604 

P/E 

TL072 

Texas Instruments 

OPA2604 

P/E 

TL072 

Texas Instruments 

OPA2604 

P/E 

TL081 

Motorola 

OPA604 

P/P 

TL082 

Texas Instruments 

OPA2604 

P/P 

TL084 

Texas Instruments 

OPA404KP 

P/P 

TL087 

Texas Instruments 

OPA604 

F/E 

TL088 

Texas Instruments 

OPA604 

F/E 

TL071 

Motorola 

OPA604 

P/P 

TL072 

Motorola 

OPA2107 

C/P 

TP4002 

Teledyne-Philbrick 

DAC71-COB-V 

F/E 

TP4855 

Teledyne-Philbrick 

SHC803BM 

F/E 

TP4860 

Teledyne-Philbrick 

SHC804BM 

P/P 

TPADC85 

Teledyne-Philbrick 

ADC85H-12 

P/P 

TPADC87 

Teledyne-Philbrick 

ADC87H-12 

P/P 

VA033 

VTC 

OPA633KP 

P/P 

VLN-3755 

Sprague 

OPA2541AM 

C/P 

ZAD354 

Zeltex 

DAC71-C0B-V 

F/E 

ZAD7100 

Zeltex 

ADC80AG-12 

F/E 

ZAD7400 

Zeltex 

ADC76JG 

F/E 

ZAD8000 

Zeltex 

DAC70BH-COB-I 

F/E 

ZD354 

Zeltex 

DAC71-C0B-V 

F/E 

ZD364 

Zeltex 

DAC71-C0B-V 

F/E 

ZD384 

Zeltex 

DAC71-C0B-V 

F/E 

ZD394 

Zeltex 

DAC71-C0B-V 

F/E 

ZDA160 

Zeltex 

DAC729JH 

F/E 

VC5601DWP 

Unitrode 

REG5601 

P/P 
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Appendix C 

Tape and Reel Specifications 

For users of automatic pick and place equipment, 
surface mount devices are available in embossed 
carrier tape and reel. 

Burr-Brown uses the highest quality materials 
available in its Tape and Reel packaging. The 
documented packaging process meets EIA481-A 
requirements. 

The following illustrates tape sizes, mechanical 
orientation (polarization), quantity per 13" reel 
and reel dimensions. 

Use Table I to determine tape and reel sizes and 
quantities. 




FIGURE 1. 



FIGURE 2. 
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FIGURE 4. 


TAPE SIZE 

A MAX 

B MAX 

C 

D MIN 

N MIN 

G 

T MAX 

12mm 

330mm 

1.5mm 

13.0 ±0.20mm 

20.2mm 

50mm 

12.4 + 1.0 
(-0.0mm) 

18.4mm 

16mm 

360mm 

1.5mm 

13.0±0.20mm 

20.2mm 

50mm 

16.4 + 1.0 
(-0.08mm) 

22.4mm 

24mm 

360mm 

1.5mm 

13.0 ±0.20mm 

20.2mm 

50mm 

24.4 + 1.0 
(-0.00mm) 

30.4mm 
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Appendix D 

Package Drawings (Mechanicals) 




INCHES 


DIM 

MIN 

MAX 

MIN 

MAX 

A 

.335 

.370 

8.51 

9.40 

B 

.305 

.335 

7.75 

8.51 

BOB 

.165 

.185 

4.19 

4.70 

Ld, 

.016 


llli 

0.53 



.040 


1.02 

rr: 

.010 

.040 

0.25 

1.02 

BOB 

.200 BASIC 

5.08 BASIC 1 

H 

IE1I 

mam 



J 




BB 

K 

EH 

— 


ESI 

L 

.110 

.160 

2.79 

4.06 

M 

45° BASIC 

45° BASIC 

N 


.105 




NOTE: Leads in true 
position within .010" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


Package Number 006 — 8-Pin Plastic Single-Wide DIP 
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(1) Controlling dimension: Inch. In case of 
conflict between the English and metric di- 
mensions, the inch dimensions control. 


L — Seating Plane 


(2) Dimensioning and tolerancing per ANSI 
Y14.5M-1982. 

(3) Dimensions A, Ai, and L are measured with 
the package seated in JEDEC seating plane 
gauge GS-3. 

(4) D and Ei dimensions for plastic packages do 
not include mold flash or protrusions. Mold flash 
or protrusions shall not exceed .010 inch 
(0.25mm). 

(5) E and eA measured with the leads con- 
strained to be perpendicular to plane T. 

(6) eB is measured at the lead tips with the leads 
unconstrained. 

(7) N is the maximum number of terminal posi- 
tions. 

(8) Corner leads (1 , 4, 5, and 8) may be config- 
ured as shown in Figure 2. 

(9) For automatic insertion, any raised irregular- 
ity on the top surface (step, mesa, etc.) shall be 
symmetrical about the lateral and longitudinal 
package center-lines. 


Package Number 007 — TO-100 
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NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC at 
seating plane. 

Pin numbers shown for 
reference only. 





Burr-Brown IC Data Book — Data Conversion Products 


D.l 


MECHANICALS 







For Immediate Assistance, Contact Your Local Salesperson 


Package Number 010 - 


14-Pin Plastic Single Wide DIP 
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(3) Dimensions A, Ai, and L are 


U e A *1 

- — e c C— Hh 


■iBIHHI 

wmi 


in JEDEC seating plane gauge 
GS-3. 

(4) D and Ei dimensions for plas- , 
tic packages do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed .010 
inch (0.25mm). 

(5) E and 6 a measured with the 
leads constrained to be perpen- 
dicular to plane T. 

(6) 6B and ec are measured at the 
lead tips with the leads uncon- 
strained. ec must be zero or 
greater. 

(7) N is the maximum number of 
terminal positions. 

(8) For automatic insertion, any 

NOTES: (1 ) Controlling dimension: Inch. In case raised irregularity on the top sur- 
of conflict between the English and metric di- face (steP) mes3i e{c ) shal , be 
mansions, the inch dimensions control. symmetrical about the lateral and 

(2) Dimensioning and tolerancing per ANSI longitudinal package center-lines. 
Y14.5M-1982. 
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Package Number 116 — 32-Pin DIP 
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NOTE: Leads in true 
position within .010" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. Num- 
bers may not be 
marked on package. 
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Package Number 125 — 24-Pin Ceramic DIP 
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NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


Package Number 129 — 16-Pin Ceramic DIP 
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NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. 

Pin numbers shown 
for reference only. 
Numbers may not be 
marked on the 
package. 
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Package Number 137 — 14-Pin Hermetic DIP 


1 

T- > 

v , , , ■) 

8 

7 


F J 

A 



u u u u u u \u_r 



NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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Seating Plane 
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Package Number 163 — 14-Pin Side-Braze Ceramic 
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NOTES: (1 ) Leads in true 
position within 0.01” 
(0.25mm) R at MMC at 
seating plane. 

(2) Pin numbers shown 
for reference only. May 
not be marked on the 
package. 


Package Number 165 — 24-Lead Ceramic Side Braze DIP, .600 Row Spacing 
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NOTES: (1 ) Dimensioning and 
tolerancing per ANSI Y14.5- 
1973. 

(2) Leads within .1 3mm (.005in) 
radius of true position (TP) with 
maximum material condition. 

(3) a applies to spread leads 
prior to installation. 

(4) N is the number of terminal 
positions. 

(5) Outlines on which the seat- 
ing plane is coincident with the 
base plane (Ai = 0), terminals 
lead standoffs are not required, 
and Bi may equal B along any 
part of the lead above the seat- 
ing/base plane. 

(6) Ei does not include par- 
ticles of packing materials. 

(7) Controlling dimension: Inch. 
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Package Number 167 — 24-Pin Plastic Double- Wide DIP 
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NOTES: 

(1) Controlling dimension: INCH. In case of 
conflict between the English and metric di- 
mensions, the inch dimensions control. 

(2) Dimensioning and tolerancing per ANSI 
Y14.5M-1982. 

(3) Dimensions A, Ai and L are measured with 
package seated in JEDEC Seating Plane 
Gauge GS-3. 

(4) D and Ei dimensions for plastic packages 
do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch 
(0.25mm). 

(5) E and eA measured with the leads con- 
strained to be perpendicular to plane T. 

(6) eB and ec are measured at the lead tips 
with the leads unconstrained, ec must be zero 
or greater. 

(7) N is the maximum number of terminal 
positions. 

(8) Corner leads (1, 12, 13, and 24) may be 
configured as shown in Figure 2. 

(9) For automatic insertion, any raised irregu- 
larity on the top surface (step, mesa, etc.) 
shall be symmetrical about the lateral and 
longitudinal package center-lines. 


Package Number 172-2 — 32-Pin Side-Braze Ceramic with Metal Lid 
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NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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Package Number 172-5 — 32-Pin Side-Braze Ceramic with Metal Lid 
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NOTE: (1) Dimensioning and 
tolerancing per ANSI Y1 4.5-1 973. 

(2) Leads within 0.13mm (.005”) 
radius of true position (TP) with 
maximum material condition. 

(3) a applies to spread leads prior 
to installation. 

(4) N is the number of terminal 
positions. 

(5) Outlines on which the seating 
plane is coincident with the base 
plane (Ai = 0), terminals lead 
standoffs are not required, and 
Bi may equal B along any part of 
the lead above the seating plane. 

(6) Ei does not include particles 
of package materials. 

(7) Controlling dimension: Inch. 


BURR - BROWN® 


Burr-Brown IC Data Book — Data Conversion Products 





Or, Call Customer Service at 1-800-548-6132 (USA Only) 


Package Number 178 — 24-Pin SOIC 
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NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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Package Number 180 — 16-Pin Plastic, Single-Wide DIP 
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(1) Dimensions A, A,, and L are measured with 


L n) 


N (5) 


INCHES MILLIMETERS 


16 


the package seated in JEDEC seating plane 
gauge GS-3. 


(2) D and E, dimensions for plastic packages 

do not include mold flash or protursions. Mold 

flash or protrusions shall not exceed 
.010 inch (0.25mm). 

(3) E and e A are measured with the leads 
constrained to be perpendicular to plane T. 

(4) e B and e c are measured at the lead tips with 

the leads unconstrained. e c must be zero or 

greater. 

(5) N is the maximum number of terminal 
positions. 

NOTE: Leads in true position within 0.01" 

(0.25mm) R at MMC at seating plane. 


Package Number 181 — 20-Pin LCC 
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NOTES: 

1 . Dimensioning and tolerancing per 
ANSI Y14.5M-1 982. 

2. “D” and “E” are reference datums 
and do not include mold flash or 
protrusions. Mold flash or protru- 
sions shall not exceed 0.15mm 
(.086 in.) 

3. The chamfer on the body is op- 
tional. If it is not present, a visual 
index feature must be located within 
the cross-hatched area. 

“L” is the length of the terminal for 
soldering to a substrate. 

“N” is the number of terminal posi- 
tions. 


Package Number 211 — 16-Lead SOIC 



(1 ) D and E do not include mold 
flash or protrusions. Mold flash 
or protrusions shall not exceed 
0.15mm (0.086in.). 

(2) The chamfer on the body is 
optional. If it is not present, a 
visual index feature must be lo- 
cated within the crosshatched 
area. 

(3) L is the length of terminal for 
soldering to a substrate. 

(4) N is the number of terminal 
positions. 

NOTE: Leads in true position 
within 0.010" (0.25mm) R at 
MMC at seating plane. 


Package Number 212 — 32-Pin Side-Braze Ceramic with Metal Lid 
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Package Number 214 — 40-Pin Hermetic DIP 
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NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


Package Number 215 — 28-Pin Plastic, Double-Wide DIP 
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NOTES: 

(1) Controlling dimension: INCH. In case of 
conflict between the English and metric di- 
mensions, the inch dimensions control. 

(2) Dimensioning and tolerancing per ANSI 
Y14.5M-1982. 

(3) Dimensions A, Ai and L are measured with 
package seated in JEDEC Seating Plane 
Gauge GS-3. 

(4) D and Ei dimensions for plastic packages 
do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .01 0 inch 
(0.25mm). 

(5) E and eA measured with the leads con- 
strained to be perpendicular to plane T. 

(6) eB and ec are measured at the lead tips 
with the leads unconstrained, ec must be zero 
or greater. 

(7) N is the maximum number of terminal 
positions. 

(8) Corner leads (1, 14, 15, and 28) may be 
configured as shown in Figure 2. 

(9) For automatic insertion, any raised irregu- 
larity on the top surface (step, mesa, etc.) 
shall be symmetrical about the lateral and 
longitudinal package center-lines. 


Package Number 217 — 28-Lead SOIC 
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NOTES: (1) Dimensioning and 
tolerancing per ANSI Y1 4.5M-1 982. 

(2) “D” and “E” do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed 0. 1 5mm 
(.086 in). 

(3) The chamfer on the body is op- 
tional. If it is not present, a visual 
index feature must be located within 
the crosshatched area. 

(4) “L” is the length of terminal for 
soldering to a substrate. 

(5) “N" is the number of terminal 
positions. 

(6) Lead to lead coplanarity shall be 
less than .004 inches from the seat- 
ing plane. 
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Package Number 217-1 — 28-Lead SOIC, ISO Package 
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NOTES: (1 ) Dimensioning and 
tolerancing per ANSI Y14.5M- 
1982. 

(2) “D” and “E” do not include 
mold flash or protrusions. Mold 
flash or protrusions shall not 
exceed 0.15mm (.086 in). 

(3) The chamfer on the body is 
optional. If it is not present, a 
visual index feature must be 
located within the crosshatched 
area. 

(4) “L” is the length of terminal 
for soldering to a substrate. 

(5) “N” is the number of termi- 
nal positions. 

(6) Lead to lead coplanarity 
shall be less than .004 inches 
from the seating plane. 


Package Number 218 — 18-Pin Plastic Single-Wide DIP 
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NOTES: (1) Controlling Dimension: 
Inch. In case of conflict between the 
English and metric dimensions, the 
inch dimensions control. 


JEDEC seating plane gauge 
GS-3. 

(4) D and Ei dimensions for 
plastic packages do not in- 
clude mold flash or protru- 
sions. Mold flash or protru- 
sions shall not exceed .010 
inch (0.25mm). 

(5) E and eA measured with 
the leads constrained to be 
perpendicular to plane T. 

(6) eB and ec are measured at 
the lead tips with the leads 
unconstrained, ec must be 
zero or greater. 

(7) N is the maximum number 
of terminal positions. 

(8) Corner leads (1,9,10, and 
18) may be configured as 
shown in Figure 2. 

(9) For automatic insertion, any 
raised irregularity on the top 


(2) Dimensioning and tolerancing per surface (step, mesa, etc.) shall 

ANSI Y14.5M-1 982. be symmetrical about the lat- 

(3) Dimensions A, Ai , and L are mea- eral and longitudinal package 
sured with the package seated in center-lines 


Package Number 219 — 18-Lead SOIC 
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NOTES: (1) Dimensioning 
and tolerancing per ANSI 
Y14.5M-1982. 

(2) D and E do not include 
mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed 0.15mm 
(.086in). 

(3) The chamfer on the body 
is optional. If it is not present, 
a visual index feature must 
be located within the cross- 
hatched area. 

(4) L is the length of terminal 
for soldering to a substrate. 

(5) N is the number of termi- 
nal positions. 

(6) Lead to lead coplanarity 
shall be less than .004 
inches from the seating 
plane. 
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Package Number 221— 20-Lead SOIC 
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NOTES: (1) Dimensioning 
and tolerancing per ANSI 
Y14.5M-1982. 

(2) D and E do not include 
mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed 0.15mm 
(,086in). 

(3) The chamfer on the body 
is optional . If it is not present, 
a visual index feature must 
be located within the cross- 
hatched area. 

(4) L is the length of terminal 
for soldering to a substrate. 

(5) N is the number of termi- 
nal positions. 

(6) Lead to lead coplanarity 
shall be less than .004 
inches from the seating 
plane. 


Package Number 222 — 20-Pin Plastic Single-Wide DIP 
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NOTES: (1) Controlling Dimension: 
Inch. In case of conflict between the 
English and metric dimensions, the 
inch dimensions control. 

(2) Dimensioning and tolerancing per 
ANSI Y14.5M-1 982. 

(3) Dimensions A, Ai, and L are mea- 
sured with the package seated in 


JEDEC seating plane gauge 
GS-3. 

(4) D and Ei dimensions for 
plastic packages do not in- 
clude mold flash or protru- 
sions. Mold flash or prorusions 
shall not exceed .010 inch 
(0.25mm). 

(5) E and eA measured with 
the leads constrained to be 
perpendicular to plane T. 

(6) eB and ec are measured at 
the lead tips with the leads 
unconstrained, ec must be 
zero or greater. 

(7) N is the maximum number 
of terminal positions. 

(8) Corner leads (1, 10, 11, 
and 20) may be configured as 
shown in Figure 2. 

(9) For automatic insertion , any 
raised irregularity on the top 
surface (step, mesa, etc.) shall 
be symmetrical about the lat- 
eral and longitudinal package 
center-lines 


Package Number 228 — 28-Pin Side-Braze Ceramic 
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NOTE: Leads in true 
position within .01 0" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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Package Number 230 — 40<Pin Ceramic DIP 


INCHES 

I MILLIMETERS 

MIN | MAX 

MIN 

MAX 

2.075 

| 2.115 | 

52.71 

53.72 

1.080 | 1.100 ] 

27.43 

27.94 

.145 

1 - 175 1 

3.68 

4.45 

.018 TYPICAL 

0.46 TYPICAL 

.040 TYPICAL 

1.02 TYPICAL 

.100 TYPICAL 

2.54 TYPICAL 

.093 

i .103 | 

I 2.36 

2.62 

.020 BASIC 

0.51 BASIC 

.205 BASIC 

5.21 BASIC 

.900 BASIC 

22.86 BASIC 

.015 

1 .035 

I 0.38 

0.89 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 

Pin numbers shown 
for reference only. 
Numbers may not be 
marked on package. 


mwmmm 



Package Number 235 — 14-Lead SOIC 
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NOTES: 

1 . Dimensioning and tolerancing per 
ANSI Y14.5M-1 982. 

2. D and E do not include mold flash 
or protrusions. Mold flash or pro- 
trusions shall not exceed 0.15mm 
(.086 in.) 

3. The chamfer on the body is op- 
tional. If it is not present, a visual 
index feature must be located within 
the shaded area. 

4. L is the length of the terminal for 
soldering to a substrate. 

5. N is the number of terminal posi- 
tions. 

6. Lead to lead coplanarity shall be 
less than 0.004 inches from the 
seating plane. 
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Package Number 237 — 28-Pin Ceramic DIP 




NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 



Package Number 239 — 24-Lead SOIC 




Seating Plane 



NOTES: (1) Dimensioning 
and tolerancing per ANSI 
Y14.5M-1982. 

(2) D and E do not include 
mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed 0.15mm 
(,086in). 

(3) The chamfer on the body 
is optional . If it is not present, 
a visual index feature must 
be located within the cross- 
hatched area. 

(4) L is the length of terminal 
for soldering to a substrate. 

(5) N is the number of termi- 
nal positions. 

(6) Lead to lead coplanarity 
shall be less than .004 
inches from the seating 
plane. 


Package Number 243 — 24-Pin Plastic Single Wide DIP 



— ^ B Min. 

13 l 2 L^OTl— ^ B i Max. 


Max. 2 
Figure 2 


rnwmra: 
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tLefJt 
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(2) Dimensioning and tolerancing 
per ANSI Y14.5M-1982. 

(3) Dimensions A, A„ and L are 
measured with the package seated 
in JEDEC seating plane gauge 
GS-3. 

(4) D and E, dimensions for plas- 
tic packages do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed .010 
inch (0.25mm). 

(5) E and e A measured with the 
leads constrained to be perpen- 
dicular to plane T. 

(6) e B and e c are measured at the 
lead tips with the leads uncon- 
strained. e c must be zero or 
greater. 

(7) N is the maximum number of 
terminal positions. 

(8) Corner leads (1, 12, 13, and 
24) may be configured as shown 
in Figure 2. 

.... _ ^ ... , , (9) For automatic insertion, any 

NOTES: (1) Controlling Dimension: Inch, raised irregularity on the top sur- 
In case of conflict between the English and face (stePi mesai e tc.) sha || be 
metric dimensions, the inch dimensions con- symmetrical about the lateral and 
tro *- longitudinal package center-lines. 
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Package Number 245 — 24-Pin Side-Braze Ceramic with Metal Lid 
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NOTE: Leads in true 
position within .010" 
(0.25mm) R at MMC 
at seating plane. 
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Package Number 246 — 28-Pin Plastic Single Wide DIP 
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NOTES: (1 ) Controlling dimension: Inch. In case 
of conflict between the English and metric di- 
mensions, the inch dimensions control. 


(2) Dimensioning and tolerancing per ANSI 
Y14.5M-1982. 

(3) Dimensions A, Ai, and L are measured 
with the package seated in JEDEC seating 
plane gauge GS-3. 

(4) D and Ei dimensions for plastic pack- 
ages do not include mold flash or protru- 
sions. Mold flash or protrusions shall not 
exceed .010 inch (0.25mm). 

(5) E and eA measured with the leads 
constrained to be perpendicularto plane T. 

(6) eB and ec are measured at the lead tips 
with the leads unconstrained, ec must be 
zero or greater. 

(7) N is the maximum number of terminal 
positions. 

(8) For automatic insertion, any raised ir- 
regularity on the top surface (step, mesa, 
etc.) shall be symmetrical about the lateral 
and longitudinal package center-lines. 


Package Number 247 — 0.3” 28-Pin Hermetic DIP 
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iHEM Ba 




NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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Package Number 248 — 20-Pin Plastic SOIC 
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m 
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El 
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NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


Package Number 251 — 28-Pin LCC 
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NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


Package Number 252 — 40-Pin Plastic SOIC 
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NOTE: Leads in true 
position within 0.01 11 
(0.25mm) R at MMC 
at seating plane. 
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Package Number 256 — 68-Lead with Gull Wings 


0.020 x 45' 

Pin 1 Indicator 
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NOTE: Formed leads 
shall be planar with 
respect to one another 
within 0.004 max at 
seating plane. 


Package Number 265 — ■ 16-Pin PDIP 
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NOTES: 

1 . Dimensioning and tolerancing per 
ANSI Y14.5M-1982. 

2. “D" and “E” do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed 
0.15mm (.086 in.) 

3. The chamfer on the body is op- 
tional. If it is not present, a visual 
index feature must be located within 
the shaded area. 

4. “L” is the length of the terminal for 
soldering to a substrate. 

5. “N” is the number of terminal posi- 
tions. 

6. Lead to lead coplanarity shall be 
less than 0.004 inches from the 
seating plane. 


Package Number 266 — 18-Pin Side-Braze Ceramic 
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NOTE: Dimensions are 
MIL-STD-1 835 Compli- 
ant (Ref GDIP-P188, 
D-6). 
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NOTES: (1) All dimen- 
sions and tolerances 
conform to ANSI 
Y14.5M-1982. 

(2) Dimension Di does 
not include mold pro- 
trusion. Allowable 
mold protrusion is 
.254mm/.010 inch. 

(3) Controlling Dimen- 
sion: Inch. 


Package Number 317 — 28-Pin Plastic Duai-ln-Line 




NOTES: (1 ) Controlling dimension: 
Inch. In case of conflict between 
the English and metric dimensions, 
the inch dimensions control. 

(2) Dimensioning and tolerancing 
per ANSI Y14.5M-1 982. 

(3) Dimensions A, Ai, and L are 
measured with the package seated 
in JEDEC seating plane gauge 
GS-3. 

(4) D and Ei dimensions for plas- 
tic packages do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed .010 
inch (0.25mm). 

(5) E is measured at the lead tips 
with the leads constrained to be 
perpendicular to plane T. 



(6) Corner leads (1, 14, 15, and 
28) may be configured as shown 
in Figure 2. 

(7) For automatic insertion, any 
raised irregularity on the top sur- 
face (step, mesa, etc.) shall be 
symmetrical about the lateral and 
longitudinal package centerlines. 

(8) The minimum limit for dimen- 
sions Bi may be .023" (0.58mm) 
for all four corner leads only. 


Package Number 318 — 28-Lead Small Outline 



NOTES: (1) Dimensioning 
and tolerancing per ANSI 
Y14.5M-1982. 

(2) D and E do not include 
mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed 0.15mm 
(.086in). 

(3) The chamfer on the body 
is optional. If it is not present, 
a visual index feature must 
be located within the cross- 
hatched area. 

(4) L is the length of terminal 
for soldering to a substrate. 

(5) N is the number of termi- 
nal positions. 

(6) Lead to lead coplanarity 
shall be less than .004 
inches from the seating 
plane. 
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Package Number 806 — 28-Pin Plastic SOIC 
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NOTES: (1) Lead frame. 

(2) Lead finish, solder 
plated. 

(3) Back ejector pin 
marked “KOREA.” 

(4) Both package length 
and width do not include 
flash. 

(5) Formed lead shall be 
planar with respect 
to one another within 
0.004 inches. 

(6) Controlling dimension: 
Inches. 
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Package Number 808 — 20-Pin Plastic SOP 







E'»1TM 

1WIM 

wjyM 

miMi 


m 

Bi 

■ETEM 

warn 

BOB 

KH 

MUEHTMai 

U9 ! 


B 


EH 

mm 

BOB 


BB 

bsesbi 

KEM 

EH 


B 

B 

Ell 

EH 

BE23B 

BB 



eh 

JKSM 

EB 

BSEB 

HB 


B 

BPFH 

EiVM 

BSE3B 

m 

B 

EM 

BEH 

EBB 

MJM 

BESH 

MU'M 

bob 

wm 

mm 

BH 

EMM 




Package Number 809 — 28-Pin Plastic SOIC 
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Package Number 904 — 28-Pin Ceramic DIP 
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NOTE: Leads in true 
position within 0.01 ” 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers are shown 
for reference only. 
Numbers may not be 
marked on package. 


TO 


Burr-Brown IC Data Book — Data Conversion Products 


D.21 


MECHANICALS 






For Immediate Assistance, Contact Your Local Salesperson 


Package Number 905 — 28-Pin Plastic, Dual-Wide DIP 
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NOTE: Leads in true 
position within 0.01” 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers are shown 
for reference only. 
Numbers may not be 
marked on package. 
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Package Number 906 
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NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
TERMINATION: 

Gold plated nickel on 
refractory metalliza- 
tion. 

CASE: Ceramic with 
gold plated nickel lid. 
HERMETICITY: 
Gross leak test. 
WEIGHT: 4.37 grms 
(0.124 oz) 


Package Number 907 


TOP VIEW 



" H 





m 


Pin 1 / 
Identifier 







E lii 


D-f- 


TT 


km 

MEMUM 


bum 

EM 

MM.YM 



Oi 

gTiTVl 

gym 

g/IUTtl 

EEim 

KM 

mm 

gym 

M 

m 

OK 

gim 

MM 

ggifcl 

EBB 

km 

MM 

Milil 


H&I 

k=m 

KM 

Mm 

lyga 

KEB 

mm 

KM 



Elrd 

KM 



MB 

KM 

kem 

ME5EK1 


MM 


OHMM 1 



NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
TERMINATION: 

Gold plated 
KOVAR. 

CASE: Ceramic with 
gold plated nickel lid. 
HERMETICITY: 
Gross leak test. 
WEIGHT: 9 grms 
(0.32 oz) 
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Burr-Brown International 
Sales Offices and Sales Representatives 


BURR-BROWN CORPORATION 

International Sales 
PO Box 11400 
Tucson, AZ 85734 
Telephone (1)602-746-1111 
Fax (1)602-741-3895 
Telex 066-6491 BURRBROWNATU 

AUSTRALIA 

Kenelec Pty. Ltd. 

Victoria (61)3 878 2700 

BRAZIL 

Aplicacoes Electronicas 
Artimar Ltda. 

Sao Paulo (55) 11 231-0277 

CANADA 

Dynasty Components 
Ottawa, Ontario 
613-596-9800 

CHILE 

Coasin Instrumentacion y Controles 
Santiago (56)22251848 

CHINA 

Schmidt & Co. (H.K.) Ltd. 

Wanchai (852) 5070222 

COLOMBIA 

Instrumentacion Ltda. 

Bogota (57) 16121313 

DENMARK 

Ditz Schweitzer 
Broendby (45) 42 4530 44 

FINLAND 

Bexab Finland Oy 
Espoo (358) 05023200 

FRANCE 

Burr-Brown International S.A. 

Le Chesnay (33) 1 39 54 35 58 
Lyon (33)78 34 88 33 
Toulouse (33) 61 40 03 06 

GERMANY 

Burr-Brown Int. GmbH 
Filderstadt (49)711 77040 
Bremen (49) 421 2539 31 
Diisseldorf (49) 21 5485 83 
Erlangen (49)91 31 240 36 
Frankfurt (49) 61 54 820 81 
Munchen (49) 89 61 77 37 

GREECE 

Peter Caritato and Assoc. S.A. 
Athens (301)9020115 


HONG KONG 

Jetronic Technology Ltd. 

Kowloon (852) 763-6806 

HUNGARY 

Siex Elektronikelemente 
Zirndorf, Germany (49) 91 1 60-7014 

INDIA 

Oriole Electronics 
Bombay (91) 22 511 9940 

ISRAEL 

Gallium Electronics (1986) Ltd. 

Ramat-Hasharon 

(972)3 5402242 

ITALY 

Burr-Brown Int. S.r.l. 

Milano (02) 5801 05 04 

JAPAN 

Burr-Brown Japan Ltd. 

Atsugi (81)462 48 4695 
Osaka (81)6 3053287 
Nagoya (81)52 775 6761 
Tokyo (81)33 586 8141 
MALAYSIA 
Serial System Pte. Ltd. 

Singapore (65) 280-0200 

MEXICO 

Borcla, S.A. de C.V. 

Mexico City 
(52)5 703 0885 

NETHERLANDS 

Burr-Brown International B.V. 
Maarssen (31) 3465 50204 

NEW ZEALAND 

Enertec Services Ltd. 

Auckland (64)9479-2377 

NORWAY 

Nordcomp Norway AS 
Skedsmokorset (47) 63879330 

POLAND 

Delta Tech 

Warsaw (48) 22 465370 

PORTUGAL 

Ibertronics, LDA 
Amadora (34) 1542504 

PUERTO RICO 

Marathon Technical Assoc. 
Mayaguez (809) 831-4050 

SINGAPORE 

Serial System Pte. Ltd. 

Singapore (65) 280-0200 


SLOVENIA 

I & R Electronic 
Ljubljana (38) 61 222007 

SOUTH AFRICA 

Advanced Semiconductor 
Devices (Pty) Ltd. 

Johannesburg (27) 11 444-2333 

SOUTH KOREA 

KML Corporation 
Seoul (82)2 595-9101 

SPAIN 

Unitronics, S.A. 

Madrid (34) 1 5425204 

SWEDEN 

Bexab Sweden AB 
Taeby (46)8 630 8800 

SWITZERLAND 

Burr-Brown AG 

Rueschlikon (ZH) (41)1 724 0928 

TAIWAN 

Alpha Precision 
Instrumentation Corp. 

Taipei (886)2 508-3066 

New Mercury Industrial Corp. 
Taipei (886)2 768-5771 

TURKEY 

Inter Muhendislik, 

Danismanlik ve Ticaret A.S. 
Istanbul (90)1 349 9400 

UNITED KINGDOM 

Burr-Brown Int. Ltd. 

Watford (44)1923 233837 
Abacus Electronics 
Newbury (44) 1635362222 

VENEZUELA 

Autotrol Tecnologia C.A. 

Caracas (58) 2 241-6214 




Burr-Brown North American 
Sales Offices and Sales Representatives 


BURR-BROWN CORPORATION 

PO Box 11 400 
Tucson, AZ 85734 
Telephone: 602-746-1111 
Fast Product Info: 

800-548-6132 
Fax: 602-741-3895 

ALABAMA 

Rep, Inc. 

205- 881-9270 Huntsville, AL 

ALASKA 

Wilson Electronics Sales Team 

206- 946-8016 Federal Way, WA 

ARIZONA 

Summit Sales 

602-998-4850 Scottsdale, AZ 
ARKANSAS 
Burr-Brown Corporation 

214- 783-4555 Dallas, TX 
CALIFORNIA 

I Squared, Inc. 

408-988-3400 Santa Clara, CA 
Burr-Brown Corporation 
818-991-8544 Agoura Hills, CA 
Quest-Rep Inc. 

619-622-5040 San Diego, CA 

COLORADO 

Sales Technology, Inc. 

303-530-9409 Fort Collins, CO 

CONNECTICUT 

Burr-Brown Corporation 

617-229-0300 Burlington, MA 

DELAWARE 

Delta Technical Sales 

215- 957-0600 Hatboro, PA 
FLORIDA 

Marathon Technical Assoc. 
305-785-0072 Pompano, FL 
813-725-3199 Clearwater, FL 
407-872-5775 Orlando, FL 

GEORGIA 

Rep, Inc. 

404-938-4358 Tucker, GA 

HAWAII 

Burr-Brown Corporation 
818-991-8544 Agoura Hills, CA 

IDAHO 

Wilson Electronics Sales Team 
206-946-8016 Federal Way, WA 
ILLINOIS 
Sumer, Inc. 

708-991-8500 
Rolling Meadows, IL 
Hitec Central, Inc. 

314-291-5920 Bridgeton, MO 
Rep Associates Corporation 
319-373-0152 Cedar Rapids, IA 


INDIANA 

LM Devoe Co. 

317-842-3245 
Indianapolis, IN 

IOWA 

Rep Associates Corporation 
319-373-0152 Cedar Rapids, IA 
KANSAS 
Hitec Central, Inc. 

816-796-6684 
Independence, MO 
KENTUCKY 
LM Devoe Co. 

317-842-3245 
Indianapolis, IN 
LOUISIANA 
Burr-Brown Corporation 

214-783-4555 Dallas, TX 
Development Technical 
Sales, Inc. 

713-988-6546 Houston, TX 

MAINE 

Burr-Brown Corporation 
617-229-0300 Burlington, MA 

MARYLAND 

Marktron, Inc. 

301-251-8990 Rockville, MD 
MASSACHUSETTS 
Burr-Brown Corporation 
617-229-0300 Burlington, MA 
MICHIGAN 
A.P. Associates 
810-229-6550 Brighton, Ml 
MINNESOTA 

Electronic Sales Agency, Inc. 
612-884-8291 Bloomington, MN 

MISSISSIPPI 

Rep, Inc. 

205-881-9270 Huntsville, AL 

MISSOURI 

Hitec Central, Inc. 

314-291-5920 Bridgeton, MO 
816-796-6684 
Independence, MO 
MONTANA 

Front Range Marketing 
801-288-2500 Murray, UT 
NEBRASKA 
Hitec Central, Inc. 

816-796-6684 
Independence, MO 
NEVADA 
I Squared, Inc. 

408-988-3400 Santa Clara, CA 
Summit Sales 

602-998-4850 Scottsdale, AZ 


NEW HAMPSHIRE 

Burr-Brown Corporation 
617-229-0300 Burlington, MA 
NEW JERSEY 
J-Square Marketing 
516-935-3200 Hicksville, NY 

Delta Technical Sales 

215- 957-0600 Hatboro, PA 

NEW MEXICO 

Summit Sales 

602-998-4850 Scottsdale, AZ 
NEW YORK (METRO AREA) 
J-Square Marketing 
516-935-3200 Hicksville, NY 
NEW YORK (UPSTATE) 

Elcom Sales Inc. 

716-385-1400 Pittsford, NY 
315-685-8967 Syracuse, NY 
NORTH CAROLINA 
REP, Inc. 

919-469-9997 Morrisville, NC 
615-475-4105 Jefferson City, TN 
NORTH DAKOTA 
Electronic Sales Agency, Inc. 
612-884-8291 Bloomington, MN 
OHIO 

Versatron Inc. 

216- 944-0082 Willoughby Hills, OH 
OKLAHOMA 

Burr-Brown Corporation 

214- 783-4555 Dallas, TX 

OREGON 

Wilson Electronics Sales Team 
206-946-8016 Federal Way, WA 
PENNSYLVANIA 
Delta Technical Sales 

215- 957-0600 Hatboro, PA 
Versatron Inc. 

216- 944-0082 Willoughby Hills, OH 
RHODE ISLAND 

Burr-Brown Corporation 
617-229-0300 Burlington, MA 

SOUTH CAROLINA 

REP, Inc. 

615-475-4105 Jefferson City, TN 
SOUTH DAKOTA 
Electronic Sales Agency, Inc. 
612-884-8291 Bloomington, MN 
TENNESSEE 
Rep, Inc. 

615-475-4105 Jefferson City, TN 
Rep, Inc. 

205-881-9270 Huntsville, AL 


TEXAS 

Burr-Brown Corporation 
214-783-4555 Dallas, TX 
Development Technical 
Sales, Inc. 

713-988-6546 Houston, TX 

UTAH 

Front Range Marketing 
801-288-2500 Murray, UT 

VERMONT 

Burr-Brown Corporation 
617-229-0300 Burlington, MA 
VIRGINIA 
Marktron, Inc. 

301-251-8990 Rockville, MD 
WASHINGTON 
Wilson Electronics Sales Team 
206-946-8016 Federal Way, WA 
WASHINGTON, D.C. 

Marktron, Inc. 

301-251-8990 Rockville, MD 

WEST VIRGINIA 

Versatron Inc. 

216-944-0082 Willoughby Hills, OH 

WISCONSIN 

Sumer, Inc. 

414-784-6641 Brookfield, Wl. 
Electronic Sales Agency, Inc. 

612- 884-8291 Bloomington, MN 

WYOMING 

Front Range Marketing 
801-288-2500 Murray, UT 

CANADA 

Dynasty Components 
Ottawa, Ontario 

613- 596-9800 

Vancouver, British Colombia 

604-657-4433 

Calgary, Alberta 

403-560-1212 

Toronto, Ontario 

416-672-5977 

Montreal, Quebec 

514-843-1879 



Burr-Brown North American 
Distributor Sales Offices 


ALABAMA 

Insight Electronics 
Huntsville, AL 
205-830-1222 
800-677-7716 
Sager Electronics 
Norcross, GA 
404-446-0085 
800-SAGER800 

ARIZONA 

Insight Electronics 
Tempe, AZ 
602-829-1800 
800-677-7716 

ARKANSAS 

Insight Electronics 
Richardson, TX 
214-783-0800 
800-677-7716 
Sager Electronics 
Richardson, TX 
214-783-1133 
800-SAGER800 

CALIFORNIA 

Insight Electronics 
Sunnyvale, CA 
408-720-9222 
Westlake Village, CA 
818-707-2101 
Irvine, CA 
714-727-3291 
San Diego, CA 
619-587-1100 
800-677-7716 
J.l.T. Supply 
Brea, CA 
714-256-9100 
800-246-9000 

COLORADO 

Insight Electronics 
Englewood, CO 
303-649-1800 
800-677-7716 

CONNETICUT 

Sager Electronics 
Wallingford, CT 
203-265-4600 
800-SAGER800 

FLORIDA 

Insight Electronics 
Clearwater, FL 
813-524-8850 
Boca Raton, FL 
407-995-1486 
Altamonte Springs, FL 
407-834-6310 
800-677-7716 


GEORGIA 

Insight Electronics 
Duluth, GA 
404-717-8566 
800-677-7716 
Sager Electronics 
Norcross, GA 
404-446-0085 
800-SAGER800 

IDAHO 

Insight Electronics 
Kirkland, WA 
206-820-8100 
800-677-7716 

ILLINOIS 

Insight Electronics 
Schaumburg, IL 
708-885-9700 
800-677-7716 

INDIANA 

Insight Electronics 
Schaumburg, IL 
708-885-9700 
800-677-7716 

Sager Electronics 
Dayton, OH 
513-298-5555 
800-SAGER800 

LOUISIANA 

Insight Electronics 
Richardson, TX 
214-783-0800 
800-677-7716 
Sager Electronics 
Richardson, TX 
214-783-1133 
800-SAG ER800 

MAINE 

Insight Electronics 
Burlington, MA 
617-270-9400 
800-677-7716 
Sager Electronics 
Wilmington, MA 
508-657-5155 
800-SAGER800 

MARYLAND 

Insight Electronics 
Columbia, MD 
410-381-3131 
800-677-7716 
Sager Electronics 
Columbia, MD 
410-995-4900 
800-SAGER800 


MASSACHUSETTS 

Insight Electronics 
Burlington, MA 
617-270-9400 
800-677-7716 
Sager Electronics 
Wilmington, MA 
508-657-5155 
Hingham, MA 
617-749-6700 
800-SAGER800 

MICHIGAN 

Insight Electronics 
Northfield, OH 
216-467-2522 
800-677-7716 

MINNESOTA 

Insight Electronics 
St. Louis Park, MN 
612-525-9999 
800-677-7716 

MISSISSIPPI 

Insight Electronics 
Huntsville, AL 

205- 830-1222 
800-677-7716 
Sager Electronics 
Norcross, GA 
404-446-0085 
800-SAGER800 

MONTANA 

Insight Electronics 
Kirkland, WA 

206- 820-8100 
800-677-7716 

NEW HAMPSHIRE 

Insight Electronics 
Burlington, MA 
617-270-9400 
800-677-7716 
Sager Electronics 
Salem, NH 
603-898-1348 
800-SAGER800 

NEVADA 

Insight Electronics 
Sunnyvale, CA 
408-720-9222 
San Diego, CA 
619-587-1100 
800-677-7716 
J.l.T. Supply 
Brea, CA 
714-256-9100 
800-246-9000 

NEW JERSEY 

Insight Electronics 
Marlton, NJ 
609-985-5556 


800-677-7716 
Sager Electronics 
Hauppauge, NY 
516-348-1300 
800-SAGER800 

NEW MEXICO 

Insight Electronics 
Tempe, AZ 
602-829-1800 
800-677-7716 

NEW YORK (Metro Area) 

Sager Electronics 
Hauppauge, NY 
516-348-1300 
800-SAGER800 

NEW YORK (Upstate) 

Sager Electronics 
Wilmington, MA 
508-657-5155 
800-SAGER800 

NORTH CAROLINA 

Sager Electronics 
Raleigh, NC 
919-850-9550 
800-SAGER800 

OHIO 

Insight Electronics 
Northfield, OH 
216-467-2522 
800-677-7716 
Sager Electronics 
Dayton, OH 
513-298-5555 
Akron, OH 
216-864-2111 
800-SAGER800 

OKLAHOMA 

Insight Electronics 
Richardson, TX 
214-783-0800 
800-677-7716 
Sager Electronics 
Richardson, TX 
214-783-1133 
800-SAGER800 

OREGON 

Insight Electronics 
Beaverton, OR 
503-626-3031 
800-677-7716 

PENNSYLVANIA 

Insight Electronics 
Marlton, NJ 
609-985-5556 
Northfield, OH 
216-467-2522 
800-677-7716 



Burr-Brown North American 
Distributor Sales Offices 


TENNESSEE 

Sager Electronics 
Raleigh, NC 
919-850-9550 
Norcross, GA 
404-446-0085 
800-SAGER800 

TEXAS 

Insight Electronics 
Austin, TX 
512-719-3090 
Richardson, TX 
214-783-0800 
Alvin, TX 
713-388-0703 
800-677-7716 
Sager Electronics 
Richardson, TX 
214-783-1133 
800-SAGER800 


UTAH 

Insight Electronics 
Salt Lake City, UT 
800-677-7716 

WASHINGTON 

Insight Electronics 
Kirkland, WA 
206-820-8100 
800-677-7716 

WISCONSIN 

Insight Electronics 
Wauwatosa, Wl 
414-258-5338 
800-677-7716 

WYOMING 

Insight Electronics 
Kirkland, WA 
206-820-81 00 
800-677-7716 


CANADA 

SEMAD 

Burnaby, British Colombia 

604-451-3444 

Calgary, Alberta 

403-252-5664 

Markham, Ontario 

905-475-3922 

Pointe Claire, Quebec 

514-694-0860 

Ottawa, Ontario 

613-526-4866 



Also available— 


BURR-BROWN 
1C DATA BOOK 



Linear Products 
1C Data Book 


Burr-Brown Corporation 

Street Address: 

6730 S. Tucson Blvd. 

Tucson, A Z 85706 

Mailing Address: 

RO. Box 11400 
Tucson, AZ 85734-1400 

Tel: (602) 746-1 1 1 1 * 

Worldwide Fax (602) 889-1510* 
Burr-Brown FA XLine 

(USA and Canada Only): (800) 548-6133 
Cable: BBRCORP 

For immediate product information, 

or technical assistance, call 

(800) 548-6132 in the USA and Canada. 

*Note: As of March 19, 1995, the area code for Arizona 
(except for the metropolitan Phoenix area) will be 
changed from 602 to 520, please dial your operator 
for further assistance. 




